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INTRODUCTION. 


i HE  objedl  of  Lithology  confiRs  in  the 
Rudy  of  Rones  and  earths. 

It  is  generally  agreed  to  call  thofe  fubRances 
by  the  name  of  Earth  or  Stone,  which  are  dry, 
brittle,  inodorous,  inlipid,  fcarcely  or  not  at 
all  foluble  in  water,  and  of  a fpecific  g/avity 
not  exceeding  4,5. 

Vol.  II.  B 


There 


2 On  the  Clarification 

There  is  no  one  who  has  ferioufly  attended 
to  the  ftudy  of  lithology,  without  being  at  the 
fame  time  awrare  of  the  ncceffity  of  eftablifhing 
divifions  to  facilitate  the  knowledge  of  ftones, 
and  to  remove  the  numberlefs  difficulties  which 
would  otherwife  oppofe  the  acquifition  of  that 
know  led  ore. 

O 

It  is  an  obvious  difference  between  living 
creatures  and  the  fubjeCts  of  the  mineral  king- 
dom, that  thefe  laft  are  continually  modified 
by  external  caufes,  fuch  as  air,  water,  fire,  &c. 
while  the  former,  being  animated  and  governed 
by  an  internal  force,  poffefs  characters  of  a 
more  definite  and  unchangeable  nature.  The 
forms  of  thefe  depend  upon  their  organization ; 
and,  in  general,  the  proceedings  of  nature 
refpeCting  them  are  more  conftant,  and  better 
afeertained. 

The  earthy  element  appears  to  be  paffive  of 
itfelf : it  is  obedient  only  to  the  laws  of  in- 
animate bodies  ; and  we  may  refer  all  the  phe- 
nomena of  formation  or  decompofition,  which 
a ftone  is  fufceptible  of,  to  the  mere  lawr  of  affi- 
nities. This,  no  doubt,  is  the  caufe  of  that  va- 
riety of  forms,  and  that  mixture  of  principles, 
which  fcarcely  permit  the  naturalift  toeftablifh 
his  fyftem.upon  fixed  bafes,  or  to  found  it  upon 
conftant  and  invariable  characters. 


If 
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If  we  take  a view  of  the  proceedings  of  all 
the  naturalifts  who  have  hitherto  written,  we 
may  ealily  reduce  them  to  three  dalles. 

1.  The  firft  clafs,  carried  by  the  imagination 
alone  to  that  epocha  when  this  globe  ilTued 
from  the  hands  of  the  Creator,  have  followed 
the  adtions  of  the  various  deftrudtive  agents 
which  alter  or  overturn  its  furface.  In  this  way 
they  have  Ihewn  us  the  various  rocks  fuccelTive- 
ly  depofited  or  placed  upon  theprimitive  globe; 
and,  by  furveying  the  great  phenomena  >vhich 
have  happened  upon  our  planet,  they  have  ac- 
quired ideas  more  or  lefs  accurate  refpedting 
the  valt  works  of  decompolition  and  formation. 

2.  Others  have  bulled  themfelves  in  enquir- 
ing, by  analylis,  what  are  the  earths  or  primi- 
tive matters  out  of  which  all  the  Hones  we  are 
acquainted  with  are  compofed.  This  clafs  of 
philofophers  have  fupplied  us  with  the  molt 
valuable  acquifitions  refpedting  the  nature,  the 
ufes,  and  the  decompolitions  of  thefe  fubftan- 
ces : but  the  refultsof  analylis,  though  neceflary 
in  acquiring  accurate  notions  of  each  Hone,  are 
not  of  themfelves  fufficient  to  form  the  balls  of 
a method  of  daffing;  becaufe  thefe  characters 
are  too  difficult  to  be  acquired,  and  at  molt  can 
be  ufed  only  as  fupplementary  in  the  eltablifh* 
ment  of  fuch  other  methods  as  may  be  employed , 
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On  the  Claffijication 

3,  Alrpofl:  all  the  fyflems  of  clarification 
hitherto  adopted,  are  founded  upon  the  exter- 
nal charters  of  earthy  fubftances. 

Some  naturalifts  have  fought,  in  the  variety 
of  forms  exhibited  by  the  produftions  of  the 
mineral  kingdom,  fuch  principles  of  divifion 
as  to  them  appeared  fufficient.  But  not  to 
mention  that  the  fame  form  frequently  obtains 
in  very  different  flones,  this  chara&er  is  rarely 
found,  and  we  are  ignorant  of  the  cryflalliza- 
tion  of  moft  of  the  known  earths  ; the  cryftal- 
lization  cannot  therefore  be  conlidered  but  as 
an  acceffary  or  fecondary  circumftance. 

Other  naturalifts  have  eftablifhed  their  divi- 
fions  upon  certain  properties  eafy  to  be  afeer- 
tained,  fuch  as  that  of  effervefeing  with  acids, 
giving  fire  with  the  fteel,  &c.  But  thefe  cha. 
radlers  do  not  appear  to  be  fufficiently  ftridt, 
nor  fufficiently  exclufive:  for  nothing  is  more 
common  than  to  find  a mixture  of  the  fragments 
of  primitive  rocks  with  thofe  of  calcareous 
flones.  Our  province  exhibits  examples  of  this 
every  flep  we  take  ; and  thefe  mixtures,  hard- 
ened by  time,  polfefs  both  the  before-mentioned 
characters.  There  are  alfo  flones  which,  with- 
out changing  their  nature,  give  fire  with  the 
fteel,  or  efieryefee  with  acids,  accordingly  as 
they  are  more  or  Icfs  divided.  Such  is  the 

lapis 
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lapis  lazuli,  which  effervefces  when  pulverized, 
but  ftrikes  fire  when  in  the  mafs ; the  ilate  like- 
wife  effervefces  when  in  powder,  but  not  in  the 
mafs.  The  claflification,  therefore,  which  is 
founded  on  thefe  characters,  is  not  rigorous, 
and  they  may  at  the  moft  be  made  ufe  of  in 
conjunction  with  others. 

M.  D’Aubenton  is  the  naturalift  who  ap- 
pears to  me  to  have  diftributed  mineral  fub- 
ftances  with  the  greateft  order  of  any  who  has 
hitherto  undertaken  that  tafk : every  thing 
which  he  fays  on  this  fubjeCt  fhews  the  experi- 
enced eye  of  the  obferver ; and  he  has  drawn 
from  the  external  characters  of  bodies  all  the 
characters  poflible  to  be  had  from  that  fource. 
But  he  could  not  avoid  the  defects  which  ne- 
ceffarily  accompany  the  principles  on  which 
he  has  founded  his  fyftem. 

Deeply  impreffed  with  a fenfeof  the  infuffi- 
ciency  of  thefe  methods,  as  well  as  of  the  flight 
opportunities  I have  poffeffed  of  improving 
them,  my  endeavours  have  been  exerted  in  col- 
lecting together  all  the  characters  which  are 
capable  of  affording  any  ufeful  indications.  In 
this  purfuit,  I have  joined  the  characters  of  the 
naturalift  to  thofe  of  the  chemift ; and  though 
the  method  which  I have  adopted  be  very  far 
from  that  degree  of  perfection  which  might  be 
3 dcfired. 
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defired,  I ncvcrthelefs  prefent  it  to  the  public 
with  confidence.  It  differs  but  little  from  that 
followed  by  Meffrs.  Bergmann  and  Kirwan  ; a 
circumftance  which  at  leaft  affords  a prejudice 
in  its  favour.  The  peculiar  advantages  which, 
in  my  opinion,  k appears  to  poffefs,  are — 
i.  The  lithologic  productions  are  diftributed 
equally,  and  into  three  claffes.  2,  All  the  ana- 
lagous  productions  are  brought  together,  and 
arranged  as  it  were  in  a natural  order.  In  a 
word,  thisfyftem  has  fixed  my  own  ideas  in  the 
moft  precife  manner;  and  this  has  more  parti- 
cularly induced  me  to  propofe  it  to  the  public*. 

The 

j » ’ •-  ■«  ‘ ; •*  ’ •*  ■'  ' 

* I confider  what  is  here  publifhed  refpetting  Lithology 

as  a fimple  and  fhort  lketch  of  the  principles  which  I explain 
in  my  Le&iires.  It  would  be  judging  me  with  too  much  fe« 
verity,  if  the  reader  were  to  fuppofe  that  my  prefent  defign 
is  to  exhihit  a complete  performance. 

A more  intimate  acquaintance  with  this  fubjeft  may  be 
obtained  by  the  perufal  of  the  following  works  : 

t.  Eflai  d’un  Art  de  Fufion,  a PAide  de  l'Air  Vital,  par 
Ehrmann. — Memories  deM.  I-aroifier  fur  le  memeSujet. — 
Memoires  de  M.  D’Arcet,  fur  l’A&ion  d’un  Feu  egal,  vio- 
lent, et  continu,fur  un  grand  Nombre  deTerres,  Pierres,  &c. 

2.  The  Works  of  Margraff  and  Pott,  more  efpecially  the 
Lithogecgnefia  of  the  latter. 

3.  Les  Pefanteurs  Specifiques  des  Corps,  par  M.  Briffon. 

4.  Elements  of  Mineralogy,  by  Mr.  Kirwan. 

5.  Le  Manuel  du  Mineralogifte  de  Bergmann,  enrichi  de 
Notes  par.  M.  PAbbe  Mongez. 


6.  La 
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The  various  earths  beneath  our  feet  are,  in 
general, combinations;  and  chemids,  by  decom- 
poling  thefe  fubdances,  have  fucceeded  in  ob- 
taining, in  the  lad  analyfis,  principles  which 
maybeconlidered  as  earthy  elements,  until  fub- 
fequent  acquifltions  fhall  either  confirm  orde- 
droy  our  ideas  on  this  fubjedh 

The  earthy  elements  mod  extenfively  didri- 
buted  are  five  in  number  ; namely.  Lime, 
Magnefia,  Barytes,  Alumine,  and  Silex. 

We  fhall  not  treat  of  the  other  primitive 
earths  announced  by  Mr.  Klaproth,  in  the  ada- 
mantine fjpar,  and  in  the  jargon  of  Ceylon,  be- 
caufe  they  are  yet  too  (lightly  known,  and  too 
fcarce,  to  have  any  influence  upon  our  prefent 
diviflon. 

; n]  . , • < * ‘ 1, 

6.  La  Mineralogie  de  M-  Sage. 

7.  Les  Ouvrages  fur  la  Cryftallographie  deM.  de  Rome  de 
Lifle,  de  M,  FAbbe  Hauy,  &c. 

8.  Le  Tableau  Methodique  des  Mineraux,  par  M.  D’Au- 
benton. 

9.  La  Mineralogie  de  M.  le  Comte  de  Buffon  ; in  which 
that  celebrated  writer  has  collected  a great  number  of  valu- 
able fa£ls,  whofe  merit  is  independent  of  all  theory. 

10.  The  Mineralogical  Works  of  Meflrs.  Jars,  Deitrich, 
De  Born,  Ferber,  Trebra,  Pallas,  Gmelin,  Linne,  Dolomieu, 
De  Saufiure,  De  la  Peyroufe,  &c. 

11.  The  excellent  Analyfes  of  Stones,  publilhed  from 
time  to  time  by  Pott,  Margraff,  Bayen,  Bergmann,  Gerard, 
Scheele,  Achard,  Mongez,  &c. 


Nature 


S Clarification  of  -Earths, 


Nature  appears  to  have  formed  all  the  mix- 
tures and  combinations  which  conftitute  ttones, 

■ * . ■ ' • 

out  of  the  primitive  earths  here  fpoJken  of. 

If  we  direct  our  attention  to  the  mature  of 

< . 

thefe  mixtures  and  combinations.,  we  {hall  dif- 

* 

tinguifh  t.hre.e  habitudqs,  or  modes,  which,  qfta- 


blifh  three  grand  divifions,  We  (hall  immedi- 
ately perceive  that  thefe  earths  are,  in  fqme  pi- 
ttances, combined  witliacids^  which  form  feline 
ttones  ; that  . in  other  inftances  they  are  mixed 
with  each  other,  and  form  ttones  properly  fo 
called  vai>d  that. in  other  inffences,  again,  thefe 


ttones,  fo  formed  by  the  mixture  of  primitive 
earths,  are  united  together,  or  fixed  in  a gluten 
or  cement,  which  forms  r,pcks,  pebbles,  or  com- 


pound ttones. 


We  fhall  therefore  dittinguifh  three  clafles  in 
Lithology  : the  firft  will  comprehend  feline 
ttones  ; the  fecond  ttones,  properly  fo  called, 
o.r  earthy  mixtures  ; and  the  third  rocks,  or 
ttony  admixtures. 

We  confider  it  as  indifpenfably  neceflary  to 
explain  the  nature  of  the  primitive  earths,  be- 
fore we  can  proceed  to  treat  of  their  combi- 
nations,^ ...  . 


I.  Lime, 
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I.  Lime. 

This  earth  has  been  found  totally  difengaged 
from  all  combination,  near  Bath . — See  Falconer 
on  the  Bath  Waters,  vol.  i.  page  156  and  157. 
But  as  this  is  perhaps  the  only  obfervation  of 
the  kind  which  we  poffefs,  it  is  indifpenfably 
lieceffary  to  fhew*  the  procefs  by  which  lime 
maybe  obtained  in  a (late  of  the  greatefl:  purity. 

For  this  purpofe  chalk  is : to  be  walled  in 
bailing  diftiiled  water,  then  dilfolved  in  dif- 
tilled  acetous  acid,  and  precipitated  by  the 
carbonate  of  ammoniac,  or  mild  volatile  alkali. 
The  precipitate,  being  walked  and  calcined,  is 
pure  lime. 

This  earth  pofTelTes  the  following  charac- 
ters: 

1.  It  is  foluble  in  fix  hundred  and  eighty 
times  its  weight  of  water,  at  the  temperature 
of  fixty  degrees  of  Fahrenheit.  Kirwan. 

2.  It  has  a penetrating,  acrid,  and  burning 
tafle. 

3.  Its  fpecific  gravity  is  about  2,3  accord- 
ing to  Kirwan,  and  2,720  according  to  Berg- 
mann. 

4.  It  feizes  water  with  great  avidity  ; at  the 
fame  time  that  it  fails  into  powder,  increafes  in 
bulk,  and  emits  heat. 

5.  Acids 
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5.  Acids  diffolve  it  without  effervefcence* 
but  with  the  production  of  heat. 

6.  The  borate  of  foda,  or  borax,  the  oxides 
of  lead,  and  the  phofphates  of  urine,  diffolve  it 
by  the  blow-pipe  without  effervefcenoe. 

It  appears  to  be  infufible  alone,  as  it  has  re- 
fitted the  heat  of  flame  urged  by  a ftream  of 
vital  air. — See  the  Memoir  of  Mr.  Lavoifier. 

When  it  is  mixed  with  acids,  it  forms  a fu- 
fible  combination ; and  it  haftens  the  fufion  of 
aluminous,  filiceous,  and  magnelian  earths^  ac- 
cording to  the  experiments  of  MelTrs.  Darcet 
and  Bergmann. 

II.  Barytes,  or  Ponderous  Earth. 

We  are  indebted  to  the  celebrated  chemitts 
Gahn,  Scheele,  and  Bergmann  for  our  know- 
ledge of  this  earth. 

It  has  not  yet  been  found  exempted  front  all 
combination ; but  in  order  to  obtain  it  in  a 
fuitable  degree  of  purity,  the  follo  wing  procefs 
may  be  ufed  : 

The  fulphate  of  barytes,  or  ponderous  fpar, 
which  is  the  molt  ufual  combination  met  with 
on  the  earth,  is  to  be  pulverized,  and  calcined 
in  a crucible,  with  an  eighth  part  of  powder  of 
charcoal : the  crucible  mutt  be  kept  ignited 
during  an  hour;  after  which  the  calcined  mat- 
ter 
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ter  is  to  be  thrown  into  water : it  communi- 
cates a yellow  colour  to  this  fluid,  at  the  fame 
time  that  a ftrong  fmell  of  hepatic  gas  is  emit- 
ted ; the  water  is  then  to  be  filtered,  and  mu- 
riatic acid  poured  in : a confiaerable  precipi- 
tate falls  down,  which  muft  be  feparated  from 
the  fluid  by  filtration.  The  water  which  palTes 
through  the  filter  holds  the  muriate  of  barytes, 
or  marine  fait  of  ponderous  earth,  in  folution. 
The  carbonate  of  pot-afh,  or  mild  .vegetable 
alkali,  in  folution,  being  then  added,  the  pon- 
derous earth  falls  down,  in  combination  with 
the  carbonic  acid  ; and  this  laft  principle  may 
be  driven  off  by  calcination. 

1.  Pure  barytes  is  of  a pulverulent  form, 
and  extremely  white. 

2.  It  is  foluble  in  about  nine  hundred  times 
its  weight  of  diftilled  water,  at  the  temperature 
of  fixty  degrees,  according  to  Kirwan. 

3.  The  Prufliate  of  pot-afh,  or  Pruflian  al- 
kali, precipitates  it  from  its  combination  with 
the  nitric  and  muriatic  acids.  This  habitude 
diftinguifhes  it  from  other  earths. — See  Kir- 
wan. 

4.  It  precipitates  alkalis  from  their  combi- 
nations with  acids. 

5.  Barytes  expofed,  by  Mr.  Lavoifier,  to  . 
flame  fed  with  oxigenous  gas,  was  fufed  in  a 

few 
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few  feconds : it  extended  itfelf  upon  the  furfaca 
of  the  coal ; after  which  it  began  to  burn  and 
detonate  until  the  whole  was  nearly  diffipated. 
This  kind  of  inflammation  isacha  rafter  common 
to  metallic  fubftances ; but  when  the  barytes  is 
pure,  it  is  pcrfeftly  infulible.-^-See  Lavoiiier. 

Ponderous  earth  urged  by  the  blow-pipe 
makes  little  effervefcence  with  foda,  but  is  per- 
ceptibly diminifhed : it  diffolves  in  the  borate 
of  foda  with  effervefcence,  and  ftill  more  with 
the  phofphates  of  urine. — See  the  abbe  Mon- 
gez*  Manuel  du  Mineralogifte. 

6.  Its  fpecific  gravity  exceeds  4,oqo>  accord- 
ing to  Kir  wan. 

III.  Magnefia,  or  Magnefian  Earth. 

This  earth  has  been  nowhere  found  difen- 
gagedfromall  foreign  fubftances;  but  in  order 
to  obtain  it  in  the  utmoft  poflible  ftate  of  pu- 
rity, the  cryftals  of  the  fulphate  of  magnefia, 
or  Epfom  fait,  are  to  be  diffolved  in  diftilled 
water,  and  decompofed  by  the  carbonate  of 
alkali.  The  precipitate  mult  then  be  calcined, 
to  difengage  the  carbonic  acid. 

1 . Pure  magnefia  is  very  white,  very  friable, 
and,  as  it  wefe,  fpongy, 

2.  Its  fpecific  gravity  is  about  2,33  accord- 
ing to  Kir  wan. 

3.  It  is  not  perceptibly  folublein  water  when 

pure; 
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pure;  but  when  it  is  combined  with  the  car- 
bonic acid,  it  is  foluble;  and  cold  water  has  a 
ftronger  a&ion  on  it  than  hot,  according  to  the 
experiments  of  Mr.  Butini. 

4.  It  has  no  perceptible  a&ion  on  the  tongue. 

5.  It  (lightly  converts  the  tincture  of  turn- 
fole  to  a green. 

6.  Mr.  Darcet  has  obferved,  that  a ftrong 
heat  agglutinates  it  more  or  lefs : but  MelTrs. 
De  Morveau,  Butini,  and  Kirwan,  found  that 
it  was  not  fulible;  and  the  experiments  of  Mr. 
Lavoifier  have  proved  that  it  is  as  infufible  a 3 
barytes  and  lime. 

The  borate  of  foda,  and  the  phofphates  of 
urine,  difTolve  it  with  effervefcence. — See  the 
abbe  Mongez. 

IV.  Alumine,  or  Pure  Clay. 

This  earth  is  not  more  exempt  from  mixture 
and  combination  than  the  foregoing ; and  in 
order  to  obtain  it  in  a (late  of  purity,  the  ful- 
phate  of  alumine  is  diffolved  in  water,  and  de- 
compofed  by  effervefcent  alkalis. 

1.  Pure  clay  feizes  water  with  avidity,  and 
may  then  be  kneaded.  It  adheres  ftrongly  to 
the  tongue. 

2.  Its  fpecific  gravity  does  not  exceed  2,000, 
according  to  Kirwan. 

3%  When  expofed  to  heat,  it  dries.,  contra&s, 

- • . fhrinks. 
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fhrinks,  and  becomes  full  of  clefts.  A confi-* 
derable  degree  of  heat  renders  it  fo  hard  that  it 
gives  fire  with  the  fteel. 

When  it  has  been  well  baked,  it  is  no  longer 
capable  of  uniting  with  water  ; but  requires  to 
be  difTolved  in  an  acid,  and  precipitated,  in 
order  that  it  may  refume  this  property. 

The  experiments  of  Mr.  Lavoifier  fhew  that 
pure  alumine  is  capable  of  an  imperfedt  fufion, 
approaching  to  the  confidence  of  pade,  by  heat 
excited  by  a current  of  vital  air.  It  is  then 
transformed  into  a kind  of  very  hard  done, 
which  cuts  glafs  like  the  precious  dones,  and 
which  very  difficultly  yields  to  the  file. 

The  mixture  of  chalk  fingularly  affids  the 
fufion  of  this  earth:  it  is  fufible  in  a crucible 
of  chalk,  according  to  Mr.  Gerhard,  but  not 
in  a crucible  of  clay. 

Tne  borate  of  foda,  and  the  phofphates  of 
lime,  diffolve  it. — See  Kirwan  and  the  abbe 
Mongez. 

According  to  the  experiments  of  Mr. 
Dorthes,  the  pured  native  clays,  and  even  that 
which  is  precipitated  from  alum,  contain  a 
fmall  quantity  of  iron  in  the  (late  of  oxide;  and 
it  is  trom  this  principle  that  the  earthy  fmell 
which  is  emitted  by  moidened  clays,  arifes  : 
it  is  very  difficult  to  deprive  them  of  it. 

V.  Silex, 
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V.  Silex,  or  Quartzofe  Earthy  Vitrifiable 
Earth,  See . 

This  earth  exifts  nearly  in  a flate  of  purity 
in  rock  cryflal.  But  when  it  is  required  to  be 
had  in  a flate  of  purity  free  from  all  fufpi- 
cion,  one  part  of  fine  rock  cryflal  may  be  fufed 
with  four  of  pure  alkali.  The  fufed  mafs  mud 
then  bediflolved  in  water,  and  precipitated  by 
an  excefs  of  acid. 

1.  Pure  filex  pofTedes  a fingular  degree  of 
roughnefs  and  afperity  to  the  touch.  It  is  ab- 
folutely  void  of  all  difpofition  to  adhere  ; and 
its  particles,  when  agitated  in  water,  fall  down 
with  extreme  facility. 

2.  Its  fpecific  gravity  is  2,65. 

3.  Bergmann  had  affirmed  that  water  might 
difTolveit;  and  Mr.  Kirwan  has  pretended  that 
10,000  parts  of  water  might  hold  one  of  filex 
infolution,  at  the  ordinary  temperature  of  the 
atmofphere ; and  might  even  take  up  a greater 
quantity  at  a higher  temperature. 

4.  The  fluoric  acid  difiolves  it ; and  lets  it 
fall  when  it  comes  in  contad:  with  water,  or 
when  it  is  confiderably  cooled. 

5.  Alkalis  diflolve  it  in  the  dry  way,  and 
form  glafs;  but  they  attack  it  likewife  in  the 
humid  way,  and  are  capable  of  difTolving  one- 

fixth 
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fixth  part  of  their  weight  when  it  is  in  a ftate 
of  extreme  divifion. 

6.  The  burning  mirror  does  not  fufe  it;  but 
a current  of  vital  air  produced  a’  commence- 
ment of  fufion  on  its  furface. — See  Lavoifier. 

Before  the  blow-pipe  foda  diffoives  it  with 
effervefcence.  The  borate  of  foda  diffoives  it 
flowly,  and  without  ebullition* 

class  r. 

Concerning  the  Combination  of  Earths  with 
Acids. 

This  clafs,  which  comprehends  the  combi- 
nation of  primitive  earths  with  acids,  natural- 
ly exhibits  five  genera. 

T. . < . i - *’  • Z '‘,1 J tj..  1 n • 7"  *• 4 ' •’ 

GENUS  I, 

Earthy  Salts  with  Bafis  of  Lime. 

The  combination  of  lime  with  various'acids 
affords  the  feveral  fpecies  of  calcareous  falts 
comprehended  in  this  genus. 

" > <1  r.Zl'if  * i i \,\  •'  J ‘ i\2il  «»  ! 

SPECIES  I. 

Carbonate  of  Lime,  or  Calcareous  Stone. 

. 21  ...  : \ ^ iSl'iot 

The  combination  of  lime  with  the  carbonic 

acid 
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Carbonate  of  Lime . 

acid  is  very  commonly  met  with,  and  compre- 
hends all  the  Hones  which  have  hitherto  been 
diftinguifhed  under  the  names  of  lime-Hone, 
calcareous  Hone,  &c. 

The  characters  of  the  carbonate  of  lime  are— 
i.  They  effervefce  with  certain  acids.  2.  They 
are  converted  into  lime  by  calcination. 

The  formation  of  thefe  Hones  appears  to  us 
to  be,  for  the  moH  part,  owing  to  the  wearing 
down  of  fhells.  The  identity  of  the  conHituent 
principles  of  fhells  and  calcareous  Hones,  and 
the  prefence  of  thefe  fame  fhells,  more  or  lefs 
altered,  in  the  lime-Hone  mountains,  authorize 
us  to  conclude  that  a great  part  at  leaH  of  the 
calcareous  mafs  of  our  globe  owes  its  origin 
to  this  caufe  only. 

Though  our  imagination  appears  to  aflent 
with  difficulty  in  referring  effe&s  of  fo  wonder- 
fully extenfive  a nature  to  a caufe  apparently  fo 
weak,  we  are  compelled  to  admit  it  when  we 
take  a (light  view  of  the  known  hiHory  of  (hells. 

In  faCt,  we  obferve  the  numerous  clafs  of 
fhell  animals  which  poflefs  this  Hony  covering 
almoH  at  the  inHant  of  their  origin.  We  fee 
it  infenlibly  become  thick  and  enlarged  by 
the  appolition  of  new  coverings ; and  this  lhell 
at  length  comes  to  occupy  a volume  fifty  or  fixty 
times  larger  than  that  of  the  animal  which  pro- 
Vol.  II.  C % disced 


i 8 Carbonate  of  Lime. 

duced  it.  Let  us  confider  the  prodigious  num- 
ber of  animals  which  emit  this  ftony  tranfuda- 
tion  ; let  us  attend  to  their  fpeedy  augmenta- 
tion, their  multiplication,  and  the  fhort  period 
of  their  life,  the  mean  term  of  which  is  about 
ten  years,  according  to  the  calculation  of  the 
celebrated  Buffon  ; let  us  multiply  the  number 
of  thefe  animajs  by  the  mafs  of  fhell  they  leave 
behind  them — and  we  fhall  then  arrive  at  the 
mafs  which  the  fhells  of  one  ftngle  generation 
ought  to  form  upon  this  globe.  If  we  proceed 
further  to  conlider  how  many  generations  are 
extindl,  and  how  many  fpecies  are  loft,  we 
ftial!  be  no  longer  furprifed  to  find  that  a con- 
fiderable  part  of  the  furface  of  the  globe  is  co- 
vered with  their  remains. 

It  may  eafily  be  conceived  that  thefe  fhells, 
when  carried  along  by  currents  of  water,  muft 
ftrike  together,  and  wear  their  refpedfive  fur- 
faces  ,*  and  that  their  pulverulent  remains,  after 
being  long  carried  about  and  fufpended  by  the 
waters,  muft  at  laft  fublide,  and  form  heaps  or 
banks  of  fnells,  more  or  lefs  altered  according 
to  circumftances. 

But  whatever  may  be  admitted  as  the  origin 
of  this  ftone,  it  is  found  to  exift  in  two  prin- 
cipal ftates  ; that  is  to  fay,  either  in  the  form 
of  cryftals,  or  of  irregular  maffes. 

j I.  Cryf- 
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I.  Cryftallized  Calcareous  Stones. 

A concurrence  of  circumftances  which  very 
feldom  meet  together,  is  required,  in  order 
that  cryftallization  may  take  place.  This  is, 
doubtlefs,  the  reafon  why  fpars  and  calcareous 
cryftals  compofe  the  fmalleft  part  of  this  genus. 
Thefe  cryftals  are  found  in  the  cavities  of  cal- 
careous mountains  : in  the  clefts  which  pene- 
trate into  the  internal  part  of  ftones  of  this 
clafs;  and  generally  in  all  places  where  waters 
find  accefs,  after  having  worn  down  calcareous 
ftone  to  a ftate  of  extreme  attenuation,  nearly 
correfpondent  to  folution. 

Calcareous  ftone,  in  its  cryftallized  ftate,  pre- 
fents  us  with  feveral  varieties  of  form ; but  the 
rhomboidal  figure  appears  to  be  the  moft  con- 
ftant  and  the  moft  general . The  environs  of  Alais 
abound  with  rhomboidal  fpars  of  the  greateft 
beauty  ; they  are  tranfparent  like  thofe  of  Ice- 
land, and  double  objecfts  in  the  fame  manner. 

It  often  happens  that  a group  of  rhomboidal 
cryftals  exhibits  at  its  furfacea  number  of  py- 
ramids more  or  lefs  prominent,  which  confift 
of  the  angles  of  rhomboids  of  different  degrees 
of  length.  It  cannot  but  be  admitted,  with 
Mr.  Rome  de  Lifle,  that  the  pyramidal  form  is 
a flight  modification  of  the  rhomboid ; for  if  a 
pyramid  of  fpar  be  broken,  it  is  reduced  into* 
q^ements  of  a rhomboidal  figure. 

C 2 


The 


20 


Calcareous  Spar. 

The  principal  varieties  of  the  pyramidal 
form  are  deduced  more  efpecially  from  the 
number  of  their  fides;  and  when  the  pyramid 
is  long  and  fharp,  it  is  called  dog-tooth  fpar, 
or  hog-tooth  fpar. 

Calcareous  ftones  often  affedt  the  prifmatic 
form  ; and  this  is  likewife  attended  with  fomc 
varieties. 

The  prifm  is  frequently  fix-fided  and  trun- 
cated ; fometimes  it  is  terminated  by  a trihedral 
pyramid  ; and  when  the  prifm  is  very  ihort, 
and  its  fummit  is  almoft  entirely  in  contadt 
with  the  ground,  the  cryftal  is  known  by  the 
name  of  Lenticular  Spar. 

All  the  varieties  of  form  which  cryftallized 
calcareous  ftones  have  hitherto  prefented,  may 
be  feen  in  the  Cryftallography  of  Mr.  Rome  de 
Lille. 

The  fpecific  gravity  of  calcareous  fpars  is 
about  2.700  when  pure,  according  to  Kirwan. 

They  contain  from  thirty-four  to  thirty-lix 
parts  of  carbonic  acid,  and  from  fifty-three  to 
fifty-five  of  earth ; the  reft  is  water. — See 
Kirwan. 

Spars  often  exhibit  a fmooth  uniform  furface, 
upon  which  the  fulphuric  acid  takes  but  flight 
hold : they  are  fometimes  contaminated  with 
iron,  which  gives  them  various  tinges. 

II.  Calca* 
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II.  Calcareous  Stones  which  are  notcryftallized. 

Few  calcareous  (tones  affedt  any  regular  form : 
they  lie  almoft  always  in  (trata,  or  immenfe 
blocks  thrown  or  heaped  together  on  the  fur- 
face  of  the  globe,  in  which  we  cannot  reafon- 
ably  pretend  to  difcern  any  primitive  defign  of 
cryftallization.  The  notion  itfelf  which  we 
have  of  the  formation  of  thefe  mountains,  and 
the  Gratified  difpofition  of  their  parts,  does 
not  allow  us  to  difcern  any  other  effedt  than  the 
natural  confequence  of  the  flowing  of  water, 
which  muft  have  occafioned  a contraction,  and 
difpofed  the  rocks  in  ftrata  or  beds. 

It  feems  to  me  that  two  very  natural  divi- 
fions  may  be  eftablilhed  among  calcareous 
(tones  which  are  not  cryftallized  : for  they  are 
either  fufceptible  of  a perfect  polifh,  in  which 
cafe  they  are  called  marbles  and  alabafters ; or 
they  are  not  fufceptible  of  this  polilh,  in  which 
cafe  they  are  called  friable  earths,  tufa,  &c. 

A.  Calcareous  (tones  fufceptible  of  aperfcdl 
polifh. 

Although  it  be  proved  from  the  experiments 
of  chcmifts,  and  more  efpecially  from  thofe  of 
Mr.  Bayen,  that  marbles  contain  a greater  or 
lefs  proportion  of  clay,  we  are  under  the  necef- 
lity  of  placing  them  here ; becaufe  the  calcare- 
ous earth  predominates  to  fuch  a degree,  that 

they 
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they  cannot  with  propriety  be  placed  elfe- 
where  ; and  becaufe  they  poffefs  all  the  cha- 
racters of  lime-flone. 

Marbles  differ  from  other  calcareous  (tones 
by  the  polifli  of  which  they  are  fufceptible ; 
and  they  are  diftinguifhed  from  each  other  by 
their  colours. 

White  marble  is  ufually  the  pureft.  We  are 
acquainted  with  the  marble  of  Carrara,  and 
the  ancient  (tatuary  marble  of  Paros. 

Black  marble  is  coloured  either  by  a-bitumen 
or  by  iron.  Mr.  Bayen  found  this  metal  in  the 
proportion  of  five  parts  in  the  hundred.  When 
it  is  veined  by  pyrites,  it  is  called  Portor. 

There  are  an  infinite  number  of  varieties  of 
coloured  marble.  The  colouring  part  is  in 
general  owing  to  the  alterations  of  the  iron, 
which  fometimes  is  obedient  to  the  magnet, 
according  to  an  obfervation  of  Mr.  De  Lille* 
Blue  and  green  marbles  owe  their  colours  to  a 
mixture  of  fchorle,  according  to  Rinmann  in 
his  Hiflory  of  Iron. 

The  marble  which  prefents  the  figure  of 
fh  ells  appears  to  be  formed  limply  out  of  a heap 
of  (hells  conne&ed  by  a calcareous  cement;  it 
is  known  by  the  name  of  Lumachello.  That 
of  Bleyberg  in  Carinthia  forms  one  of  the  mod 
beautiful  fpecics. 
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The  marble  which  is  called  figured  marble, 
exhibits  either  traces  of  vegetables,  as  that  of 
Hefie;  or  ruins  and  rocks,  like  that  of  Flo- 
rence. The  dendrites  appear  to  be  formed 
merely  by  ferruginous  infiltrations  through  the 
cracks  of  thefe  (tones. 

Several  naturalifis  have  mentioned  flexible 
marble.  Father  Jacquier  defcribed  this  in 
1764,  in  the  Gazette  Litteraire;  and  the  abbe 
De  Sauvages  has  communicated  to  the  Aca- 
demy of  Montpellier  a defcription  of  the  plates 
of  flexible  marble  which  are  in  the  Palais 
Bourgeois. 

Alabafters  are  calcareous  (tones  of  the  nature 
of  marble:  they  appear  to  be  formed  like  the 
(taladites,  and  are  fometimes  adorned  with  the 
mo(t  beautiful  colours  : thefe  in  general  poflels 
a certain  tranfparency,  with  a (tratiform  tex- 
ture varioufly  coloured,  and  caufe  a double  re- 
fradion  of  the  light  when  they  are  fufficiently 
tranfparent.  In  the  treatife  of  Mr.  Briflon  on 
the  fpecific  gravities  of  bodies,  the  reader  will 
find  the  refult  of  his  valuable  experiments  on 
that  of  marbles,  alafcafters,  and  generally  all 
the  calcareous  (tones'. 

B.  Calcareous  (tones  not  fufceptible  of  a 
per  fed  polifh. 

Calcareous  (tones  which  are  not  fufceptible 
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of  a perfect  polifh,  are  found  either  in  mafTes, 
or  in  the  pulverulent  form  ; which  circum- 
fiance  will  afford  a foundation  for  our  natural 
diftindlion. 

1.  Solid  calcareous  flone  is  in  general  the 
Hone  ufed  for  building  ; and  this  is  found  in 
feveral  varieties,  differing  in  finenefs  of  grain, 
porofity,  colour,  confidence,  or  weight.  Thefe 
are  gradations  which  eflablifli  the  feveral  qua- 
lities of  flones ; and  are  the  caufe  why  one  har- 
dens in  the  air,  while  another  is  decompofed. 
On  thefe  feveral  accounts  it  is  that  the  refpec- 
tive  varieties  are  applied  to  various  ufes  ; and 
it  is  the  bufinefs  of  the  fkilful  artifl  who  ufes 
them  to  diflinguifh  their  qualities. 

In  the  number  of  thefe  flones  ufed  for  build- 
ing, there  are  fome  which  imbibe  and  retain 
water,  in  confequence  of  which  they  are  burll 
or  crumbled  by  the  frofl ; whereas.others  fuf- 
fer  the  water  which  they  originally  contained 
to  efcape,  and  become  harder  by  the  contadf 
of  the  air. 

2.  Calcareous  flone  is  fometimes  found  in  the 
pulverulent  form.  Chalk  is  of  this  kind  ; and 
when  it  is  white,  and  very  finely  divided,  it  is 
formed  into  thofe  maffes  known  in  commerce 
by  the  name  of  Spanifli  White.  For  this  pur- 
pofe  it  is  agitated  in  a velfel  with  water.  The 
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foreign  fubftances,  fuch  as  flints,  pyrites,  &c. 
are  precipitated;  the  water  is  then  decanted; 
and  the  chalk,  which  is  held  fufpended,  very 
foon  fubfides ; this  is  dried,  and  divided  into 
long  fquare  pieces,  to  form  the  Spanifh  White* 

When  a natural  ftream  of  water  wears  away 
this  chalk,  and  afterwards  depofits  it,  the  re- 
fult  has  been  diftinguifhed  by  the  name  of 
Gurrh;  and  when  this  poflefles  a certain  con-, 
fiftence,  ariflng  from  the  mixture  of  argillace- 
ous and  magnefian  earths,  it  is  diftinguilhed 
by  the  name  of  Agaric  Mineral. 

As  calcareous  earth  is  fufceptible  of  extreme 
divifion,  the  water  which  wears  it  away,  and 
is  afterwards  filtered  through  the  clefts  in  rocks, 
depofits  it  gradually,  and  forms  thofe  incrufta- 
tions  known  by  the  vulgar  under  the  name  of 
Petrifactions,  and  by  that  of  Stalactites  among 
naturalifts. 

Thefe  calcareous  depofitions  very  frequently 
preferve  the  form  of  fuch  fubftances  as  they 
have  covered,  and  prefent  figures  of  mofs, 
roots,  fruit,  &c*  which  has  given  rife  to  an 
opinion  that  thofe  fubftances  were  transformed 
into  ftone. 

The  increafe  of  ftalaCtites  being  accomplifh- 
ed  by  addition  to  their  external  furfaces,  their 
texture  exhibits  concentric  coats  of  different 
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fhades,  accordingly  as  the  water  may  have  been 
charged  with  different  colouring  principles. 

The  cavities  which  are  frequently  found  in 
calcareous  mountains  are  often  lined  with  fta- 
ladlites ; and  thefe  grottos  form  one  of  the  mod 
finking  appearances  which  can  prefent  itfelf 
to  the  eyes  of  the  naturaliff. 

The  grandeur  of  thefe  fubterraneous  places, 
the  abfence  of  light,  the  feeble  glimmering 
of  a torch,  which  only  half  enlightens  the  fur- 
rounding objedls,  render  thefe  Regions  gloomy, 
majeftic,  and  impofing.  The  multiplicity  of 
figures,  the  variety  of  forms,  arid  their  re'ftm- 
blanqe  to  other  objedts,  never  fail  to  caufe  a 
high  degree  of  aftonifhment  in  the  mind  of  the 
mineralogical  ffudent.  Among  the  infinite 
number  of  thefe  forms,  there  are  fome  which 
are  very  agreeable,  fuch.  as  the  fios  ferri,  cauli- 
flowers, lace,  or  fringes.  Other  very  fingulat 
figures  are  likewife  found;  fuch  as  thepriapo- 
lithes,  pifolithes,  oolithes*  &c. 

Mr.  Lougeon  of  Ganges  has  obferved,  in 
the  grotto  called  Des  Demoifelles,  a number  of 
forms  fo  varied  and  ffrange,  as  to  exhibit  a 
very  adonifhing  colledlion. 

Thefe  tranfudations,  or  rather  thefe  fl on y de- 
positions, have  given  rife  to  a belief  in  the  ve- 
getation of  ftones.  The  celebrated  Tournefort 
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way  of  opinion  that  he  had  obfeved  nature  in 
the  very  fad:,  in  the  famous  grotto  of  Antiparos, 
where  he  faw  infcriptions  engraved  in  the  done, 
but  afterwards  converted  into  relief.  Baglivi 
has  written  a treatife  on  the  vegetation  of  dones, 
in  which  he  cites  many  fads  of  this  nature. 

All  the  world  is  acquainted  with  the  depofi- 
tions  of  the  fpring  in  the  vicinity  of  Clermont ; 
but  the  mod  furprifing  of  all  petrifying  waters  is 
that  of  Guancavelica  in  Peru.  Barba,  D.  Ulloa, 
and  Frezier,  have  given  us  a description  of  it. 
Feuille  informs  us  that  this  water  rifes  very  hot 
in  the  middle  of  a Square  bafon,  and  becomes 
petrified  at  a Small  di dance  from  the  Spring. 
The  water  is  of.  a yellowifh  white,  and  the  in- 
crudations  have  been  ufed  to  build  the  houfes 
of  Guancavelica.  The  workmen  fill  moulds 
with  its  water,  and  Some  days  afterwards  they 
find  them  incruded  with  this  done.  The  da- 
tuaries  expofe  their  moulds  in  this  Spring,  and 
have  only  to  give  the  polifh  in  order  to  render 
their  datues  transparent.  All  the  datues  uSed 
in  religious  ceremonies,  by  the  catholics  of 
Lima,  are  of  this  Subdance,  and  are  very  beau- 
tiful.— Journal  des  Gbferv.  tom.i.  p.  434. 

In  the  year  1760.,  Mr.  Vegni  devifed  a me- 
thod of  making  a dmilar  ufe  of  the  very  white 
chalk  which  is  contained  in  the  waters  of  the 
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baths  of  St.  Philip  in  Tufcany.  For  this  pur~ 
pofe  the  water  is  fuffered  to  run  for  the  fpace 
of  near  a mile,  in  order  that  it  may  depofit  the 
fulphur,  the  felenite,  and  the  tufa  which  it  con- 
tains ; and  in  this  purified  ftate  it  is  ufed  in  the 
fabrication  of  bas  reliefs.  It  is  introduced  at 
the  roof  of  a building,  into  a clofet  conftrudl- 
ed  of  planks  fitted  together.  The  water  falls 
from  twelve  to  fifteen  feet  in  height,  upon  a 
wooden  crofs  placed  on  a pofi: ; by  which  fall 
it  is  divided,  and  dafhes  laterally  againft  ful- 
phur moulds,  which  are  placed  on  the  fides  of 
the  cabinet:  In  this  way  it  depofits  the  particles 
of  the  earth  which  it  contained,  and  the  mould 
becomes  filled.  Mr.  Vegni  places  the  moulds 
upon  pieces  of  wood  which  are  moved  circu- 
larly. This  alabafter  is  as  hard  as  marble  ; and 
the  incruftation  is  more  beautiful,  and  harder, 
in  proportion  as  the  pofition  of  the  mould  is 
more  vertical,  and  its  diftance  greater. 

The  Analyfis  and  Ufes  of  Calcareous  Stone. 

In  1755,  Dr.  Black  proved  that  calcareous 
ftone  polFefTes,  as  one  of  its  component  parts, 
an  air  different  from  atmo^heric  air.  He  af- 
ferted  that  calcareous  flone,  when  deprived  of 
this  air  by  calcination,  forms  lime;  and  that 
lime  might  again  pafs  to  the  ftate  of  calcareous 
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done  by  refuming  the  principle  it  had  been  de- 
prived of.  In  1764,  Macbride  fupported  this 
dodrine  by  new  fads.  Jacquin  added  other 
experiments  to  thefe ; and  proved  that  lime  and 
alkalis  owe  their  caudicity  to  the  fubtradion  of 
this  fixed  air,  at  the  fame  time  that  he  pointed 
out  feveral  methods  of  depriving  them  of  it. 

The  procefTes  which  are  mod:  commonly  ufed 
for  the  decompofition  of  lime-done,  are  fire 
and  acids:  the  firft  is  ufed  in  the  ^making  of 
lime;  the  fecond  in  laboratories,  when  it  is  in- 
tended to  procure  the  carbonic  acid. 

In  order  to  form  lime,  the  calcareous  done 
is  calcined  in  furnaces,  whofe  condrudion  is 
varied  according  to  the  nature  of  the  combuf- 
tibles  made  ufe  of. 

When  pit-coal  is  ufed,  an  inverted  cone  is 
condruded  of  vitrifiable  done,  which  is  filled 
by  alternate  drata  of  coal  and  lime- done;  and 
the  lime  is  taken  out,  after  the  operation,  by  an 
aperture  at  the  top.  In  proportion  as  the 
mafs  fubddes,  care  is  taken  to  fupply  the  fur- 
nace at  the  top,  in  order  that  the  flame  and 
heat  may  not  be  lod. 

Bergmann  has  obferved  that  mod  fpecimcns 
of  calcareous  done  which  become  black  or 
brown  by  calcination,  contain  manganefe,  and 
that  the  lime  which  they  produce  is  excellent. 

According  to  Rinmann,  the  white  calcareous 
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rtones  which  become  black  by  calcination,  con- 
tain about  one  tenth  part  of  this  fubftance. 

Calcination  deprives  lime-ftone  of  the  acid 
and  water  which  it  contained*  Thefe  two  prin- 
ciples are  evidently  replaced  by  the  matter  of 
heat  itfelf.  The  odour  of  fire  which  quick- 
lime emits  ; the  light  which  it  affords  when 
flaked  in  a dark  place;  the  colour  which  it 
communicates  to  the  lapis  caufticus;  the  pro- 
perty which  it  pofTeffes  of  producing  the  oxide 
and  the  glaffes  of  lead — all  prove  to  us,  as  Mr. 
Darcet  obferves  in  the  Journal  de  Phyfique  for 
1783,  that  in  proportion  as  the  calcareous  rtone 
is  deprived  of  the  aeriform  principle,  it  com- 
bines with  the  igneous  principle,  which  cannot 
be  difplaced  but  by  the  way  of  affinities.  The 
beautiful  experiments  of  Meyer,  when  diverted 
of  all  theory,  prove  the  fame  thing. 

It  is  proved,  from  the  experiments  of  Dr. 
Higgins,  that  the  beftlimeis  that  which  is  made 
with  the  hardeftand  moft  compad:  rtone  broken 
into  fmall  pieces,  and  heated  flowly,  until  the 
furnace  is  become  of  a white  heat.  This  heat 
muft  be  kept  up  until  the  rtone  is  no  longer  ca- 
pable of  effervefcing  with  acids.  The  lime  be- 
comes over-burned  if  the  ignition  be  carried  to 
a greater  degree;  and  the  produce  is  then  a frit, 
which  is  no  longer  capable  of  being  divided  in 
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water,  or  of  refuming  with  avidity  the  princi- 
ples it  had  loft. 

When  pieces  of  calcareous  (tone  of  different 
fizes  are  calcined,  the  lime  will  not  all  be  of 
equal  goodnefs  ; the  fmall  pieces  confiding  of 
over-burned  lime,  while  the  larger  pieces  are 
fcarcely  altered  in  their  central  parts. 

The  bed  lime  is  that  which  is  the  mod- 
quickly  divided  by  immerfion  in  water,  and 
affords  the  greateft  quantity  of  heat  in  this 
procefs,  which  caufes  it  to  fall  into  the  fined 
powder.  Good  lime  fhould  likewife  diffolve 
in  the  acetous  acid  without  effervefcence,  and 
leave  the  leadpofiible  quantity  of  refidue. 

Lime  continually  endeavours  to  refume  the 
acid  and  the  water  of  which  the  done  was  de- 
prived by  calcination  : confequently,  when  it 
is  left  expofed  to  the  air,  it  cracks,  becomes 
heated,  falls  into  powder  with  an  increafe  of 
bulk,  and  refumes  the  property  of  effervefcing. 
It  is  therefore  of  importance  to  ufelime  newly 
made,  if  the  artid  be  defirous  of  poffeffing  its- 
whole  force. 

Lime  is  fparingly  foluble  in  water,  and  this 
folution  is  called  lime-water  ; the  lime  may  be 
precipitated  by  means  of  carbonic  acid,  which 
regenerates  calcareous  done  in  the  form  of  a 
precipitate. 
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Lime  water  is  ufed  to  indicate  the  prefence, 
and  determine  the  proportion,  of  carbonic  acid 
in  any  mineral  water. 

Phyflcians  prefcribe  it  as  an  abforbent  and 
detergent. 

When  lime-water  is  left  in  contact  with  the 
air  of  the  atmofphere,  a pellicle  is  formed  at  its 
furface,  known  by  the  name  of  cream  of  lime; 
this  is  the  regenerated  calcareous  done. 

The  fuperb  bafon  of  Lampi,  one  of  the  two 
principal  refervoirs  which  furnifh  the  Royal 
Canal  of  Languedoc  with  -water,  was  found  to 
leak  at  the  junction  of  the  ftones.  The  fkilful 
engineer  who  diredts  thefe  works,  Mr.  Pin, 
caufed  1 ime  to  be  flaked ; which,  pafling  through 
thefe  fmall  apertures,  became  fupplied  with 
carbonic  acid,  and  formed  a cruft,  or  very 
white  covering,  over  its  whole  furface:  fo  that 
all  the  ftones  of  this  fine  piece  of  mafonry  are 
connected  together  by  this  cement  ; and  at 
prefent  conftitute  one  Angle  undivided  fub- 
ftance,  impenetrable  to  water. 

The  regeneration  of  calcareous  Aone  is  very 
flawly  effected  by  the  procefles  hitherto  de- 
fcribed.  But  this  may  be  expedited  by  pre- 
fenting  to  the  lime  the  principles  with  which 
it  fo  ftrongly  tends  to  combine  : this  is  accord- 
ingly  done  in  works  in  the  large  w;ay. 
c Lime 
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Lime  is  ufually  flaked  by  pouring  abundance 
of  water  upon  it.  A violent  heat  is  thus  ex- 
cited ; the  lime  falls  down  into  powder,  and  a 
p>afte  is  afforded  by  ftrongly  working  the  lime 
together  in  proportion  as  it  becomes  faturated. 

The  count  Razoumoufki  has  taken  advantage 
of  the  heat  which  is  difengaged  when  lime  is 
flaked,  to  combine  the  lime  with  fulphur. 

The  degree  of  heat  proper  to  effect  this  com  - 
bination is  70  of  Reaumur.  At  this  point  the 
fulphur,  which  is  placed  in  contact  with  the 
lime,  liquefies,  becomes  of  a red  colour,  and 
forms  a true  fulphure  or  hepar  of  lime. 

Mortar  is  made  Amply  by  working  fand,  or 
other  bodies  infoluble  in  water,  together  with 
flaked  lime. 

We  are  acquainted  with  two  kinds  of  fand  at 
Montpellier;  pit  fand,  and  river  fand  ; the  for- 
mer is  almofi:  always  altered  by  a mixture  of  ve- 
getable and  calcareous  earth,  which  wreaken  its 
efficacy  ; the  fecond  is  purer,  and  better  fuited 
for  the  purpofe.  Inftead  of  fand,  the  fragments 
or  duff  of  ffone  maybe ufed  : the  angles  which 
thefe  fragments  prefent,  and  the  roughnefs  of 
their  furface,  contribute  togive  a confidence  to 
the  mortar. 

The  hardening  of  mortars  appears  to  be  ow- 
ing merely  to  the  progreffive  regeneration  of 
Vol.  II.  D lime- 
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lime-ftone.  They  do  not  obtain  the  greateft 
degree  of  hardnefs  of  which  they  are  fufcep- 
tible,  until  they  have  refumed  all  the  carbonic 
acid  of  which  the  ftone  was  deprived:  and  this 
operation  is  very  flow,  unlefs  the  combuftion 
be  facilitated  by  well-known  methods,  which 
confilt  in  mixing  fubflances  with  the  mortar 
wdiich  contain  either  the  carbonic  acid,  or  a 
principle  analogous  to  it,  fuch  as  vinegar. 

It  is  this  regeneration  of  lime-ftone,  which 
is  effected  by  the  lapfe  of  time,  that  explains 
to  us  why  the  hardeft  ftones  afford  the  belt 
lime ; and  why  old  mortars  are  found  to  poffefs 
a degree  of  hardnefs  which  modern  artifts  have 
no  hopes  of  attaining. 

The  remains  of  ancient  buildings  have  in- 
duced certain  philofophers  to  conclude,  that 
the  ancients  were  in  pofTeflion  of  very  valuable 
proceffes  for  the  making  of  mortar.  Mr.  De 
la  Faye  was  of  opinion,  that  thofe  enormous 
malfes,  in  which  the  perfection  of  the  mecha- 
nical proceffes  of  the  ancients  only  wTas  admir- 
ed, were  made  by  coffer  work  ; and  he  ima- 
gined that  he  had  difcovered,  in  Vitruvius, 
Pliny,  and  Saint  Auguftin,  that  their  procefs 
to  extinguifh  lime  differed  from  ours  ; and  that 
the  great  difference  which  appears  to  exift  be- 
tween the  ancient  and  modern  mortars  depends 
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more  particularly  upon  this  circumftance. 
Thefe  interefting  refearches  have  induced  him 
to  propofe  that  the  lime  fhould  be  put  into  a 
bafket,  and  fuffered  to  flake  in  the  air  ; as  he 
thinks  by  this  means  it  would  preferve  a greater 
degree  of  force,  and  be  lefs  weakened  than  by 
the  ufual  procefies. 

Loriot  has  attributed  the  fuperiority  of  the 
mortars  of  the  ancients  to  the  means  which  they 
ufed  to  dry  them  fpeedily;  and  in  confequence 
of  thefe  principles  he  mixes  pounded  bricks 
with  flints,  works  the  whole  together  with 
flaked  lime,  and  dries  the  mafs  with  one- 
fourth  part  of  quick-lime.  Care  muff  be  taken 
to  ufe  only  lime  which  is  finely  pulverized  and 
lifted;  for  otherwife  the  mortar  would  crack, 
and  be  very  imperfect. 

Nature  fometimes  prefents  to  us  a fuitable 
mixture  of  lime-ftone  and  fand,  to  form  an  ex- 
cellent mortar,  without  any  mixture  of  extra- 
neous fubftances.  Mr.  De  Morveau  found  this 
lime-ftone  in  Burgundy  ; Mr.  de  Puymaurin 
has  deferihed  a fpecies  which  he  found  in  Berne ; 
and  I have  obferved  in  Cevennes  a natural  mix- 
ture of  this  kind,  in  which  the  proportion  of 
materials  was  fo  well  aflorted,  that  nothing  more 
was  neceflary  than  to  calcine  it,  and  extinguifh 
it  in  water,  to  form  an  excellent  mortar. 
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SPECIES  II. 

Sulphate  of  Lime,  Gypfum,  Selenite,  Plafter 
Stone. 

The  Plafter  Stone  lofes  its  tranfparency  by 
calcination  ; at  the  fame  time  that  it  becomes 
pulverulent,  and  acquires  the  property  of  again 
feizing  the  water  of  which  it  had  been  deprived, 
and  refuming  itshardnefs:  it  does  not  give  fire 
with  the  fteel,  nor  effervefee  with  acids. 

We  are  more  particularly  indebted  to  Maf- 
graff  for  our  acquaintance  with  the  conftituent 
principles  of  plafter;  and  from  fubfequent  ex- 
periments the  following  proportion  of  the  fame 
principles  has  been  afligned.  One  hundred 
parts  of  gypfum  contain  thirty  fuiphuric  acid, 
thirty-two  pure  earth,  thirty-eight  water  ; it 
lofes  nearly  twenty  per  cent,  by  calcination. 

We  begin  to  be  equally  acquainted  with  the 
formation  of  this  ftone.  The  chevalier  De  La- 
manon  has  aflerted,  that  the  numerous  quarries 
of  plafter  which  are  found  in  the  vicinity  of 
Paris,  are  the  depofition  of  an  ancient  fluvia- 
tile  lake,  formed  by  the  Seine,  Loife,  and 
Marne,  which  flowed  off  on  the  ftdeof  Meulan. 
The  wrought  iron,  and  the  various  remains  of 
animals  which  are  found  at  the  bottom  of  the 

quarries 
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quarries  of  Mont  Martre,  fhew  that  its  forma- 
tion is  not  very  ancient : and  the  indefatigable 
naturalift  here  cited  conliders  the  felenite  as 
originally  difperfed  in  the  water,  precipitated 
in  confequence  of  its  fparing  folubility,  and 
heaped  together  in  places  determined  by  cur- 
rents, waves,  and  other  circumftances. 

Thefe  fafts,  highly  interefting  as  they  are  in 
the  natural  hiftory  of  plafter,  are  infufficient 
for  the  chemift  who  is  defirous  of  knowing 
like^vife  in  what  manner,  and  under  what  cir- 
cumftances, the  combination  of  the  fulphuric 
acid  and  lime  is  made.  I fhall  proceed  to  com- 
municate fome  obfervations  which  our  pro- 
vince affords. 

1.  I have  obferved  in  a black  and  pyritace- 
ous  clay  of  Saint  Sauveur,  extracted  out  of  the 
work  called  Percement,  Dillon,  many  fmall 
needle-formed  cryftals  of  felenite,  from  four  to 
eight  lines  in  length.  At  the  furface  of  the 
foil  where  the  fame  clay  is  more  decompofed, 
cryftals  of  the  fame  nature,  but  longer,  thick- 
er, and  more  numerous,  are  alfo  found. 

2.  The  marly  and  pyritous  clay  of  Caunelle, 
near  Moffon,  abounds  with  beautiful  cryftals 
of  rofe-coloured  plafter,  in  the  form  of  cocks- 
combs, obferved  by  Mr.  Dorthes. 

3.  The  plafter  quarry  of  La  Salle  exhibits 

3 almoft 
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almoft  alternately  ftrata  of  plaller  and  ftrata 
of  black  and  pyritous  clay,  which  efflorefces 
in  the  air. 

4.  Near  the  bridge  of  Herepian,  on  the  de- 
clivity of  Cafcaftel,  at  Gabian,  and  in  many 
other  places,  I have  conftantly  found  cryftals 
of  gypfum  mixed  and  confounded  with  pyri- 
taceous  clays. 

5.  The  fulphureous  depofttions  of  folfatara 
often  contain  cryftals  of  felenite. 

From  thefe  fadts  it  appears  to  me  that  the 
formation  of  gypfum  mayeafily  be  conceived. 
It  is  not  formed  excepting  in  places  where  py- 
rites and  clay  more  or  lefs  calcareous  are  found 
together ; that  is  to  fay,  its  formation  appears 
to  be  dependent  on,  and  connected  with,  the 
prefence  of  fulphur  and  lime. 

Whenever,  therefore,  the  pyrites  is  decom- 
pofed,  the  fulphuric  acid  which  thence  arifes 
feizes  the  lime,  and  efflorefces  in  final  1 cryftals, 
which  are  carried  off  by  the  water,  and  fooner 
or  later  depoft ted.  I have  obferved  perceptible 
depcfitions  of  plafter  on  the  banks  of  rivulets 
which  wafh  pyritous  clays.  I have  likewife  feen 
depofitions  of  the  fame  nature  in  rivers  whole 
waters  have  been  ftrongly  concentrated  by  the 
burning  heat  of  our  fummer.  And  confequent- 
ly,  if  wefuppofe  felenite  to  bedifperfed  in  more 
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confiderable  mattes  of  water,  there  will  be  no 
difficulty  in  conceiving  the  formation  of  thofe 
ttrata  which  the  platter  quarries  exhibit. 

Meflrs.  De  Cazozy  and  Macquart  have  ob- 
ferved  the  tranfition  of  the  gypfum  of  Cracovia 
to  the  ttate  of  calcedony.  When  the  nucleus 
of  calcedony  is  determined,  it  increafes  per- 
ceptibly in  the  courfe  of  time,  even  in  cabinets  ; 
which  proves  that  the  quartzofe  juice,  when 
once  infiltrated  into  platter,  combines  with  the 
lime,  and  determines  this  transformation, 

Mr.  Dorthes  has  proved  that  the  quartz,  in 
cocks-combs  at  Patty,  owed  its  origin  to  plaf- 
ter ; that  this  laftfubftance having  been  carried 
away  by  folution,  the  quartzofe  juice  has  taken 
its  place.  Natural  hiftory  exhibits  feveral  of 
thefe  metamorphofes. 

Gypfum  is  found  in  the  earth  in  four  differ- 
ent ftates. 

1.  In  the  pulverulent  and  friable  form,  which 
conftitutes gypfeous  earth,  foflilfluor,  &c. 

2.  In  folid  mattes,  which  conttitute  platter 
ttone. 

3.  In  ttalacttites,  or  fecondary  demolitions. 
In  this  place  we  may  arrange  the  ttriated  illky 
gypfums,  the  cauliflowers,  the  gypfeous  ala- 
batters,  and  that  prodigious  variety  of  forms 

which 
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which  the  ftaladlites  affumes,  whatever  may  be 
its  component  parts. 

4.  In  determinate  cryftals,  which  ufually 
exhibit  the  following  forms  : 

1.  The  compreiTed  tetrahedral  rhomboidal 
prifm.  • 

2.  The  hexahedral  prifm  truncated  at  its 
fumrnit. 

3. ' The  decahedral  rhomboid.  I apprehend 
that  the  lehticlar  gypfum  may  be  referred  to 
this  laft  form,  as  it  appears  to  me  to  be  com- 
pofed  of  feveral  rhomboids  united  together 
fide  Ways.  At  all  events  I have,  as  the  laft  re- 
fill t,' obtained  the  rhomboidal  form,  bydecom- 
pofi rig  this  variety. 

The  colour  of  gypfum  is  fubjeft  to  a great 
number  of  varieties,  which  are  the  figns  of 
various  qualities'  relative  to  its  *ufes.  The 
white  is  the  molt  beautiful,  but  fometimes  it 
is  grey  ; and  in  this  cafe  is  lefs  efteetned,  -and 
lefs  valuable.  * 

The  feveral  ftates  of  the  oxides  of  iron,  with 
which  it  abounds  in  greater  or  lefs  quantities, 
conftitute  its  rofc-coloured,  red,  black,  &c. 
varieties. 

The  fp'ecific  gravity  of  gypfum  varies  ac- 
cording to  its  purity. — See  Mefirs.  BrifTon  and 

Kir  wan  : 


Habitudes  of  Gypfum . 41 

Kirwan : the  latter  found  it  fometimes  of  the 
weight  of  2.32,  and  fometimes  1.87* 

It  is  foluble  in  above  five  hundred  times  its 
weight  of  water,  at  the  temperature  of  60  de- 
grees of  Fahrenheit. 

When  it  is  expofed  to  heat,  its  water  of  cryf- 
tallizationis  diffipated,  it  becomes  opake,  lofes 
its  confiftence,  and  falls  into  powder.  If  it  be 
moiftened,  it  becomes  hard  again,  but  does 
not  refume  its  tranfparency ; a circumfiance 
which  appears  to  prove  that  its  firfi:  flate  is  a 
fiate  of  cryftallization. 

If  it  be  kept  in  a fire  of  confiderable  inten- 
fity,  in  conta<5£  with  powder  of  charcoal,  the 
acid  is  decompofed,  and  the  refidue  is  lime. 

Its  principles  may  likewife  be  feparated  by 
finely  pulverizing  it,  and  boiling  it  with  alkali. 

It  is  fufible  by  the  blow-pipe,  according  to 
Bergmann ; and  in  a porcelain  furnace,  accord- 
ing to  Darcet. 

The  management  of  the  fire  in  the  calcina- 
tion of  gypfum  is  of  great  confequence.  Too 
much  heat  decompofes  it ; and  too  little  does 
not  enable  it  to  unite,  and  form  a hard  fub- 
ftance  with  water. 

Calcined  gypfum  divides  and  difperfes  itfelf 
in  water,  with  which  it  forms  a pafte  that  may- 
be call  into  every  figure  imaginable.  We  afre 
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indebted  to  this  property  for  beautiful  orna- 
ments in  the  infide  of  our  houfes  ; but  it  can- 
not be  ufed  for  external  decorations,  becaufe 
its  folubility  in  water  renders  it  gradually  de- 
ftrudtible  by  that  liquid. 

SPECIES  III. 

Fluate  of  Lime,  Vitreous  Spar,  Fulible  or  Phof- 
phoric  Spar,  Fluor  Spar. 

This  ftone  is  a combination  of  a peculiar 
acid,  called  the  fluoric  acid,  with  lime. 

It  decrepitates  on  heated  coals,  like  the  mu- 
riate of  foda,  or  common  fait.  When  (lightly 
heated,  it  fhines  with  a beautiful  blue. colour, 
that  remains ’even  under  water,  or  in  acids. 
The  refldue  of  this  appearance  of  combuftion 
is  white  and  opake. 

Its  fpecific  gravity  is,  in  general,  from  3.14 
to  3.18  according  to  Kirwan. 

This  fpar  enters  into  fuflon  by  a ftrong  heat, 
and  corrodes  the  crucible  : it  likewife  fufes 
without  effervefcence  with  the  mineral  alkali, 
the  borate  of  foda,  and  the  phofphates  of  urine. 

This  ftone  poflefles  the  moft  lively  and  va- 
rious colours;  and  it  is  known  under  the  names 
of  falfe  emerald,  falfe  amethyft,  or  falfe  topaz, 
accordingly  as  its  colour  is  green,  violet,  or 
yellow. 

The 
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The  blue  fluor  fpars  commonly  owe  their 
colour  to  iron,  but  fometimes  to  cobalt.  Ber- 
lin Befchaft,  tom.  ii.  p.  330. — Green  fluors 
are  coloured  by  iron,  according  to  Rinmann. 
The  moft  ufual  form  of  fluate  of  lime  is  the 
cubic,  with  all  the  modifications  which  accom- 
pany this  primitive  form. 

When  this  (lone  is  diftilled  with  its  own 
weight  of  fulphuric  acid,  the  firft  product  con- 
lifts  of  elaftic  whitifh  vapours,  which  fill  the  re- 
ceiver, and  depolit  a cruft  at  the  furface  of  the 
water,  while  the  water  itfelf  becomes  acidulous. 
The  refidue  in  the  retort  is  fulphate  of  lime, 
according  to  Scheele.  The  cruft  which  is 
formed  on  the  water  of  the  receiver  is  filiceous 
earth;  and  the  water  itfelf  being  faturated  w7ith 
the  vapour,  conftitutes  the  fluoric  acid. 

The  moft  aftonifhing  property  of  this  acid  is 
doubtlefs  that  of  feizing  the  filiceous  earth, 
which  is  a conftituent  principle  of  the  glafs, 
and  volatilizing  it  with  itfelf. 

In  order  to  have  the  acid  in  a ftate  of  greater 
purity,  and  exempt  from  every  mixture  of  fllex, 
the  operations  are  performed  in  retorts  of  lead  ; 
but  Mr.  De  Puymaurin  is  convinced,  as  well 
as  myfelf,  that  the  acid  even  then  is  feldom 
pure,  becaufe  the  moft  beautiful  fluor  contains 
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almoff  always  a fmall  quantity  of  filex,  which 
the  acid  carries  with  it.  The  whiteff,  the  mod 
tranfparent,.and  the  mod  regularly-cryffallized 
fluor,  diffilled  on  the  water  bath  in  a leaden 
retort,  afforded  me  an  acid  contaminated  by  a 
fmall  quantity  of  filex. 

Mr.  Meyer  having  ufed  every  poflible  means 
to  obtain  this  acid  in  a date  of  great  purity,  is 
convinced  that,  when  the  acid  does  not  find 
filex  in  the  retort,  it  attacks  the  Tides  of  the 
receiver,  and  becomes  changed. 

This  acid  may  be  preferved  in  bottles  whofc 
internal  furfaces  are  coated  with  wax  diffolved 
in  oil. 

. i j : . ..  - . , . 

The  fluoric  acid  has  fome  analogy  with  the 
muriatic;  and  fome  chemifts  have  even  cpn- 
founded  them  together  : but  they  differ  effen- 
tially  from  each  other. 

The  fluoric  acid — i.  When  combined  with 
pot-afn,  prefents  a gelatinous  fubftance,  which 
wrhen  dry  retains  one-fifth  of  the  alkali  em- 
ployed, and  forms  a true  neutral  fait.  2.  It 
ads  nearly  in  the  fame  manner  with  foda.  3. 
With  ammoniac  it  affords  a jelly,  which  when 
dry  exhibits  all  the  appearances  of  filex.  4. 
When  mixed  with  lime-water,  it  regenerates 
the  fluate  of  lime.  5.  It  does  not  attack  gold, 

nor 
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nordiffolve  filver ; and  combines  in  preference 
with  oxides,  fuch  as  thofe  of  lead,  iron,  cop- 
per, tin,  cobalt,  and  even  of  filver. 

One  part  of  the  fluate  of  lime,  fufed  with 
four  parts  of  cauftic  fixed  alkali,  forms  a fait 
infoluble  in  water.  The  fame  quantity  of  fluate 
of  lime,  treated  in  the  fame  manner  with  the 
carbonate  of  pot-afh,  or  mild  vegetable  alkali, 
affords  a foluble  fait ; and  at  the  bottom  of  the 
water  a calcareous  earth  is  found,  which  proves 
that  the  fluoric  acid  is  not  feparated  but  by 
double  affinity. 

This  done,  which  hitherto  has  not  been  em- 
ployed but  as  a flux,  or  in  the  fabrication  of 
ornaments,  appears  to  me  to  deferve  the  mod 
particular  attention.  Its  texture  feems  to  be 
lamellated  like  the  diamond;  and  like  that  done 
it  is  not  capable  ofdouble  refradlion,  as  theabbe 
Rochon  has  obferved.  Its  phofphorefcence  has 
likewife  fome  relation  with  the  combufiibility 
of  the  diamond,  and  it  has  lively  and  varied 
colours.  All  thefe  circumflances  edablifh  an 
analogy  between  thefe  two  fubfiances  ; and 
might  lead  us  to  fufpeft  that  the  condituent 
principles  of  the  diamond  exid  in  this  done, 
mixed  and  combined  with  an  acid  and  lime,  &c. 

The  fluoric  acid  poflefles  the  very  Angular 
property  of  attacking  glafs,  and  diflolving  and 
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carrying  off  its  filiceous  part.  Margraff  firft 
obfcrved  this  property;  but  Meffrs.  De  Puy- 
maurin  and  Klaproth  have  very  happily  appli- 
ed it  to  the  art  of  engraving  on  glafs. 

This  acid  is  employed  to  corrode  the  glafs, 
in  the  fame  manner  as  aqua-fortis  is  ufed  to 
engrave  upon  copper. 

Some  authors,  particularly  Mr.  Monnet, 
have  endeavoured  to  prove  that  this  acid  was 
nothing  elfe  but  a modification  of  the  acid 
ufed  in  the  decompofition  of  the  fpar.  They 
feem  to  found  their  opinion  chiefly  on  the  cir- 
cumdance,  that  the  acid  obtained  exceeds  in 
weight  the  fpar  made  ufe  of;  but  they  have 
neglecfled  the  increafe  of  weight  which  muff 
arifefrom  theerofion,  diffolution,  and  mixture 
of  the  glafs  of  the  diddling  veffels.  And  in- 
deed thefe  experiments  do  not  appear  to  me  to 
invalidate  in  the  lead  the  eternal  truths  which 
have  iffued  from  the  laboratory  of  the  cele- 
brated Scheele ; otherwife  fuch  modifications 
in  the  acids  employed,  would  in  my  opinion 
afford  a phenomenon  dill  more  adonidiing 
than  the  exidence  of  the  peculiar  acid. 
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SPECIES  IV, 

Nitrate  of  Lime,  Calcareous  Nitre, 

This  fait,  as  well  as  thofe  which  remain  to 

be  treated  of  in  the  prefent  genus,  exifts  only- 

in  waters.  Their  great  lolubility,  and  their 

fpontaneous  deliquefcence,  do  not  permit  them 

to  form  durable  maifes,  or  to  exifl  in  the  form 

% 

of  ftones. 

The  nitrate  of  lime  is  principally  formed 
near  inhabited  places  : old  plafter  affords  it  in 
abundance  by  lixiviation.  It  is  one  of  the  falts 
which  abound  in  the  mother  waters  of  the  falt- 
petre  makers;  and  it  has  been  found  in  fome 
mineral  waters. 

It  is  ufually  obtained  in  the  form  of  fmall 
needles,  applied  fideways  to  each  other. 

When  a folution  of  nitrate  of  lime  is  con- 
centrated to  a gelatinous  confidence  nearly 
equal  to  that  of  fyrup,  it  forms,  in  procefs  of 
time,  cryftals  in  hexahedral  prifms. 

Two  parts  of  cold  water  diffolve  one  of  this 
fait;  and  boiling  water  diffolves  more  than  its 
own  weight. 

Its  tafte  is  bitter  and  difagreeable. 

It  liquefies  eafily  on  the  fire,  and  becomes 
folid  by  cooling:  if  it  be  flrongly  calcined,  and 

carried 
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carried  into  the  dark,  it  is  luminous,  and  con- 
flitutes  Baldwin’s  phofphorus. 

It  lofes  its  acid  in  a violent  and  continued 
heat.  When  diftilled  in  clofe  veffels,  it  affords 
the  fame  produ&s  as  nitre  by  the  decompofi- 
tion  of  its  acid. 

Projected  upon  ignited  coals,  it  detonates  in 
proportion  as  it  becomes  dry. — See  De  Four- 
croy. 

Its  acid  may  be  difengaged  by  means  of  clay 
and  of  the  fulphuric  acid. 

The  alkalis  and  barytes  precipitate  its  earth. 

The  fulphuric  falts,  and  the  carbonates  of 
alkali,  decompofe  it  by  double  affinity. 

SPECIES  V. 

Muriate  of  Lime,  Calcareous  Marine  Salt. 

This  combination  exifts  more  efpecially  in 
the  waters  of  the  fea ; and  contributes  to  give 
to  thefe  waters  that  bitter  tafte  which  has  im- 
properly been  referred  to  bitumens  that  have 
no  exiftence. 

This  fait  is  very  deliquefeent ; one  part  and 
a half  of  water  diffolves  one  of  this  fait ; and 
hot  water  diffolves  more  than  its  own  weight. 

It  may  be  made  to  cryftallize  by  concentrat- 
ing 
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ing  its  folution  to  the  45  th  degree  of  Baume, 
and  expofing  it  afterwards  in  a cool  place. 

With  thefe  precautions  it  affords  a fait  in 
tetrahedral  prifms  terminated  by  four-iided 
pyramids — See  De  Fourcroy. 

It  enters  into  fufion  with  a moderate  heat ; 
but  is  decompofed  with  great  difficulty.  It  ac- 
quires by  calcination  the  property  of  fhining  in 
the  dark,  and  is  called  the  phofphorus  of  Horn- 
berg. 

It  is  decompofed  by  barytes  and  the  alkalis. 
The  concentrated  fulphuric  acid,  poured  upon 
a very  ftrong  folution  of  muriate  of  lime,  dif- 
engages  the  acid  in  vapours,  and  forms  a folid 
precipitate  ; an  appearance  which  feems  in  an 
inftant  to  transform  ttvo  liquids  into  a folid, 
and  produces  a very  ftriking  effect.  The  the- 
ory of  this  phenomenon  is  eafily  deduced  from 
the  very  great  folubilfty  of  the  muriate,  and 
the  almoft  abfolute  infolubility  of  the  fulphate 
which  takes  its  place. 

SPECIES  VI. 

Phofphate  of  Lime,  Calcareous  Phofphoric  Salt. 

This  phofphate  of  lime  has  been  found  in 
Spain,  in  the  kingdom  of  Eftramadura,  by 
Mr.  Bowie. 

It  is  a whitifh  (lone  of  conliderable  denfity, 
Vol.  II.  E not 
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not  hard  enough  to  give  fire  with  the  Heel.  It 
is  found  in  horizontal  ftrata,  repofing  upon 
quartz,  and  exhibiting  vertical,  flattened,  and 
clofe  fibres.  When  thrown  on  ignited  coals, 
it  does  not  decrepitate,  but  burns  quietly,  and 
affords  a beautiful  green  light,  which  feems  to 
penetrate  through  it,  and  does  not  difappear  fo 
quickly  but  that  a fufficient  time  is  admitted 
to  contemplate  its  brilliancy  with  admiration. 
Before  the  blow-pipe  it  runs  into  a white  ena- 
mel, without  boiling  up;  whereas  bones  fup- 
port  the  moft  violent  heat  without  fufion.  Its 
habitudes  with  the  nitric  and  fulphurie  acids 
are  the  fame  as  thofe  of  calcined  bones ; it's 
acid  may  be  feparated  and  brought  into  the  ffate 
of  an  animal  glafs  ; it  may  be  decompofed,  and 
the  pholphorus  extracted.  . 

Mr.  Prouft,  from  whom  we  borrow  thefe 
interefting  details,  obferves  likewife  that  this 
ftone  is  found  to  compofe  the  mafs  of  entire 
hills  in  the  neighbourhood  of  the  village  of 
Logrofan,  in  the  jurifdi&ion  of  Truxillo,  a 
province  of  Eftramadura.  The  houfes  and  the 
walls  of  enclofures  are  built  of  it. 

C e n u s II. 

Earthy  Salts  with  Bafe  of  Barytes. 

The  moft  common  ftate  in  which  Barytes 

is 
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is  found  is  in  combination  with  the  fulphuric 
acid. 


species  1. 

Sulphate  of  Barytes,  Ponderous  Spar. 

This  (tone  is  the  moft  ponderous  we  are  ac- 
quainted with.  Its  fpecific  gravity  is  com- 
monly from  4 to  4.6. 

It  decrepitates  in  the  fire,  melts  before  the 
blow-pipe  without  addition,  and  fluxes  diflolve 
it  with  effervefcence. — See  the  notes  of  the 
abbe  Mongez  *. 

Mr.  Darcet  fucceeded  in  fufing  it  in  a por- 
celain furnace. 

It  has  been  often  confounded  with  gypfum 
and  fluor  fpar  ; but  the  characters  of  thefe  two 
fubftances  are  very  different. 

It  almoft  always  accompanies  metallic  ores, 
and  it  is  even  confidered  as  an  happy  prefage 
of  finding  them.  Becher  has  affirmed  that  it 
was  a certain  indication  vel  prefentis  velfuturi 
met  alii : and  I think  that  there  is  reafon  to  con- 
fider  it  as  the  verifiable  tone  of  this  celebrated 
naturalift.  The  proofs  of  my  affertion  may 
be  feen  in  the  preliminary  ideas  of  my  treatife 

* Manuel  du  Mineralogies, 
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on  metallic  fubftances  (in  this  work).  The 
analogy  between  this  done  and  metals  has  been 
eftablifhed  by  the  experiments  of  Bergmann 
and  of  Mr.  Lavoifier. 

This  done,  when  rather  ftrongly  heated,  ex- 
hibits a blueifh  light  in  the  dark.  To  form 
thefe  kinds  of  phofphori,  the  fpar  is  pulveriz- 
ed, the  powder  is  kneaded  up  with  mucilage  of 
gum  tragacanth,  and  the  pafte  is  formed  into 
pieces  as  thin  as  the  blade  of  a knife.  Thefe 
pieces  are  afterwards  dried,  and  flrongly  cal- 
cined by  placing  them  in  the  midft  of  the 
coals  of  a furnace;  they  are  afterwards  cleared 
by  blowing  on  them  with  the  bellowrs.  In  this 
fiatc,  if  they  be  expofed  to  the  light  for  a few* 
minutes,  and  afterwards  carried  into  a dark 
place,  they  fhine  like  glowing  coals.  Thefe 
pieces  fhine  even  under  water  ; but  they  gra- 
dually become  deprived  of  this  property,  which 
however  may  be  reftored  again  by  a fecond 
heating. — See  De  Fourcroy. 

Ponderous  fpar  is  eafily  divided  into  plates 
by  the  flighted:  blow;  and  the  mofl  ufual  form 
which  it  affefls  is  that  of  an  hexahedral  prifm, 
very  flat,  and  terminated  by  a dihedral  fummit. 

Ponderous  fpar  has  been  found  at  the  diftance 
of  one  league  from  Clermont  d’Auvergne,  in 
the  form  of  hexahedral  prifms  terminated  by  a 

tetrahedral 
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tetrahedral  or  dihedral  pyramid,  I have  feen 
cryftals  of  two  inches  in  diameter. 

It  frequently  happens  that  the  form  of  thefe 
cryftals  is  not  very  determinate ; but  all  the 
ftones  of  the  nature  of  thefe  exhibit  a confufed 
aftemblage  of  feveral  plates  applied  one  upon 
another,  and  capable  of  being  feparated  by  a 
very  flight  blow.  Ponderous  fpar  is  infoluble 
in  water ; and  upon  this  property  is  founded 
the  virtue  poflefled  by  the  muriate  of  barytes, 
to  manifeft  the  flighteft  portions  of  fulphuric 
acid  in  any  combination  which  contains  it. 

Barytes  adheres  more  ftrongly  to  acids  than 
the  alkalis  themfelves  do  ; and  when  the  car- 
bonates of  alkalis  precipitate  it,  the  effect 
takes  place  in  the  way  of  double  affinity. 

SPECIES  11. 

Carbonate  of  Barytes. 

This  combination  has  the  fpeciflc  gravity- 

of  3-773- 

One  hundred  parts  contain  twenty-eight 
water,  feven  acid,  flxty~ftve  pure  earth. 

The  fulphuric,  nitric,  and  other  acids  at- 
tack it  with  effervefcence. 

Although  the  carbonic  acid  poflefTes  the 
ftrongeft  affinity  with  this  earth,  it  is  very  fel- 

dom 
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dom  found  in  combination  with  it ; and  I am 
acquainted  with  its  exiftence  only  pn  the  au- 
thority of  Mr.  Kirwan,  who  affirms  that  Dr. 
Withering  prefented  him  with  afpecimen  from 
AlftonMoor,  in  Cumberland;  which refembles 
alum,  with  the  difference  that  its  texture  is  ftri- 
ated,  and  its  fpecific  gravity  is  4.331  *. 

Mr.  Sage  analyfed  this  ftone,  which  was 
prefented  to  him  by  Mr.  Greville. — See  the 
Journal  de  Phyfique  for  April  1788. 

SPECIES  III. 

Nitrate  of  Barytes. 

The  nitric  acid  diffolves  pure  barytes,  and 
forms  a fait  which  cryftallizes  fometimes  in 
large  hexagonal  cryftals,  and  frequently  in 
fmall  irregular  cryftals. 

This  nitrate  is  decompofed  by  fire,  and  af- 
fords oxigene. 

The  pure  alkalis  do  not  difengage  the  ba~ 
rytes,  but  the  alkaline  carbonates  precipitate 
it  by  double  affinity. 

The  fulphuric  and  fluoric  acids  feize  this 
earth  from  the  nitric  acid. 

It  has  not  yet  been  found  native. 

* It  is  plentifully  found  in  England,  in  the  lead  mine  of 
Angle2ark,  near  Chorley  in  Lancafhire.  See  the  Manehefter 
Memoirs,  vol.  iii,  p.  598.  T. 
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SPECIES  IV. 

Muriate  of  Barytes. 

This  fait  is  capable  of  affuming  a form  con- 
fiderably  refembling  that  of  fpar  in  tables  or 
plates.  It  exhibits,  with  the  earths,  acids,  and 
alkali,  phenomena  nearly  fimilar  to  thofe  of 
the  nitrate  of  barytes. 

It  forms  one  of  the  moft  interefting  re- 
agents to  afcertain  the  exigence  of  the  fmalleft 
particle  of  fulphuric  fait  in  any  water;  becaufe, 
by  the  fudden  exchange  of  principles  the  refult 
is  ponderous  fpar,  which  immediately  falls 
down. 

It  has  not  yet  been  found  in  a native  ftate. 

GENUS  III. 

Earthy  Salts  with  Balls  of  Magnelia. 

Thefe  falts  were  not  well  known  before  the 
time  in  which  the  celebrated  Black  proved  that 
they  ought  not  to  be  confounded  with  calca- 
reous falts.  They  may  be  diftinguifhed  from 
thefe  by  the  bitter  tafle  which  almoft  all  of 
them  polfefs. 

They  are  in  general  very  foluble  in  water. 
Lime-water  precipitates  them,  as  does  like- 
wife  ammoniac,  or  the  volatile  glkali. 

SPE« 
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SPECIES  I. 

Sulphate  of  Magnefia,  Epfom  Salt. 

This  fait  is  frequently  met  with ; it  exifts 
in  feveral  mineral  waters,  fuch  as  thofe  of 
Epfom,  at  Sedliz,  &c . It  was  firft  diftinguifhed 
by  the  name  of  the  fprings  which  produced  it ; 
and  it  is  ftill  known  by  the  name  of  the  bitter 
cathartic  fait,  on  account  of  its  tafte  and  virtues. 

The  fulphate  of  magnefia,  in  commerce, 
comes  either  from  the  fait  fprings  of  Lorraine, 
from  which  this  fait  is  extracted  with  a mixture 
of  fuiphur ; or  otherwife  from  the  fait  works  in 
the  environs  of  Narbonne,  where  it  is  extracted 
from  the  mother  waters  which  contain  it 
abundantly. 

The  fulphate  of  magnefia,  in  commerce,  has 
the  form  of  fmall  filky  needles,  very  white. 
It  does  not  effiorefce  in  the  air,  which  difiin- 
guifhes  it  from  the  fulphate  of  foda. 

The  cryftals  of  the  pure  fulphates  of  mag- 
nefia are  quadrangular  prifms,  terminated  by 
pyramids  of  an  equal  number  of  Tides. 

The  fulphate  of  magnefia  prepared  in  our 
fait  works  is  fold  at  from  thirty  to  forty  livres 
the  quintal ; it  contains  in  the  pound  three  fif- 
teenths of  fulphate  of  foda,  two  fixteenths 
muriate  of  magnefia,  one  fixteenth  muriate  of 

foda. 
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foda,  fix  fixteenths  true  falphate  of  magnefia  : 
the  reft  confifts  of  falts  with  balls  of  lime. 

The  fulphate  ®f  magnefia,  when  expofed  to 
the  fire,  liquefies,  and  lofes  half  its  vreight. 
The  remainder  is  dry,  and  requires  a ftrong 
fire  to  fufe  it. 

Water  diftolves  its  own  weight  of  this  fait, 
at  the  temperature  of  60  degrees  of  Fahren- 
heit’s thermometer. 

One  hundred  parts  of  this  fait  contain 
twenty-four  parts  acid,  nineteen  earth,  and 
fifty-feven  water. 

It  exifts  in  all  the  waters  in  the  environs  of 
Montpellier. 

Sometimes  it  is  found  effiorefeent  upon 
fchifti,  from  which  it  may  be  collected.  I 
have  found  it  upon  a mountain  in  Rouergue, 
in  a quantity  fufficiently  great  to  be  collected 
to  advantage  : birds  of  paflage  devour  it 

greedily.  This  fait  is  ufed  in  preference  to 
others  as  a purgative. 

SPECIES  II. 

Nitrate  of  Magnefia. 

The  celebrated  Bergmann,  who  has  combin- 
ed magnefia  with  the  various  acids,  obferves 
that  the  nitric  acid  forms  with  it  a fait  capable 

of 
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of  affording,  by  proper  evaporation,  prifma~ 
tic*  quadrangular,  truncated  cryftals.  The 
lame  chemifl  adds,  that  this  fait  is  delique- 
icent.  Mr.  Dijonval  affirms  that  he  obtained 
cryftals  that  were  not  deliquefcent ; and  acci- 
dent has  afforded  me  a fait  of  this  kind  in  mo- 
ther water  of  nitre  concentrated  to  the  45th 
degree  of  the  areometer.  Its  form  was  that  of 
prifms  with  four  fides,  very  thick,  and  very 
fhort. 

This  fait  decompofes  the  muriates  ; alkalis 
precipitate  its  magnefia,  as  does  likewife  lime. 


species  in. 

Muriate  of  Magnefia. 

The  muriate  of  magnefia  exifts  in  the  mother 
water  of  our  fait  works  ; its  taffe  is  very  bitter. 

According  to  Bergmann,  it  forms  a fait  in 
fmall  needles,  fo  deliquefcent  that  it  cannot  be 
obtained  but  by  ffrongly  concentrating  the 
folution,  and  afterwards  expofing  it  to  intenfe 
cold. 

Lime-water,  barytes,  and  the  alkalis  preci- 
pitate the  magnefia  ; it  may  likewife  be  fepa- 
rated  by  means  of  fire. 
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SPECIES  IV. 

Carbonate  of  Magnefia. 

Though  magnefia  has  the  greateft  affinity 
with  the  carbonic  acid,  I do  not  think  that 
nature  has  ever  exhibited  this  combination.  It 
is  obtained  by  precipitating  the  magnefia  from 
Epfom  fait,  by  means  of  the  carbonates  of  al- 
kali ; and  in  this  ftate  it  is  called  effiervefcent 
magnefia,  or  magnefia  not  calcined. 

The  carbonate  of  magnefia  contains  in  the 
quintal  thirty  parts  acid,  forty-eight  earth,  and 
twenty-two  water. — Kirwan  and  Bergmann. 

Magnefia  flicks  to  the  tongue ; and  affumes, 
in  drying,  a certain  tranfparency,  which  it 
preferves  until  it  has  loft  all  its  water,  which 
is  not  eafily  driven  off. 

Fire  carries  off  the  water  and  the  acid ; and  in 
this  ftate  the  refidue  is  called  calcined  magnefia. 

The  carbonate  of  magnefia  is  foluble  in  wa- 
ter in  the  proportion  of  feveral  grains  in  an 
ounce  of  the  fluid. 

But  we  are  indebted  to  Mr.  Butini  for  a very 
Angular  obfervation — that  cold  diffolves  more 
than  hot  water,  and  that  the  magnefia  may  be 
precipitated  by  heating  the  water  which  holds 
it  in  folution.  Hence  it  arifes  that  waters 

loaded 
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loaded  with  magnefia  become  white  and  tur- 
bid by  ebullition. 

The  celebrated  Bergmann  had  advanced  that 
the  carbonate  of  magnefia  is  cryftallizable. 
Mr.  Butini,  by  concentrating  a faturated  folu- 
tion  of  this  fait  with  a gentle  heat,  obtained 
groups  of  cryftals,  which,  when  examined  by 
the  microfcope,  appeared  to  be  hexagonal 
truncated  prifms.  I have  obtained  fimilar 
fnow-like  flocks  by  precipitating  magnefia  by 
the  addition  of  an  alkali,  drop  by  drop. 

The  carbonate  of  magnefia  is  ufed  in  medi- 
cine as  a purgative.  The  calcined  magnefia 
ought  to  be  preferred  as  an  abforbent. 

GENUS  IV. 

Earthy  Salts  with  Bafe  of  Alumine. 

The  fubftance  which  in  the  arts  is  known 
by  the  name  of  Clay,  is  a natural  mixture  of 
feveral  earths. 

Alumine,  or  pure  clay,  is  capable  of  combin- 
ing with  the  greateft  part  of  the  known  acids  ; 
but  the  moft  common  of  thefe  fairs  is  alum. 
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SPECIES  i. 

Sulphate  of  Alumine,  Alum, 

. - , ) . i ■ * • i’* ■* 

Though  alum  be  very  commonly  met  with, 
yet  the  combination  of  principles  which  con- 
ilitute  it  is  not  effected  without  conliderable 
difficulty. 

Pure  clay  upon  which  the  fulphuric  acid  is 
digelled,  is  diflolved  with  difficulty  ; and  it  is 
by  no  means  eafy  to  bring  this  combination  to 
regular  cryftals.  The  ufual  product  is  a fait, 
which  appears  to  be  formed  by  feales  applied 
one  upon  the  other. 

The  moft  ordinary  procefs  to  diflolve  alu- 
mine by  means  of  an  acid,  conflfts  in  calcining 
the  clay,  impregnating  it  with  the  acid,  and 
facilitating  its  aeflion  by  an  heat  of  50  or  60 
degrees  of  Reaumur.  But  a Ampler  method, 
which  I have  ufed  in  my  manufactory  of  alum, 
conflfts  in  prefenting  the  acid  in  vapours,  and 
under  the  dry  form,  to  the  clay  properly  pre- 
pared. For  this  purpofe  I calcine  my  days, 
and  reduce  them  into  fmall  pieces,  which  I 
fpread  over  the  floor  of  my  leaden  chambers. 
The  fulphuric  acid,  which  is  formed  by  the  com- 
bullion  of  a mixture  of  fulphure  and  faltpetre, 
expands  itfelf  in  the  cavity  of  thefe  chambers, 

and 
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and  exifts  for  a certain  time  in  the  vaporous 
form.  In  this- form  it  has  a ftronger  action 
than  when  it  has  been  weakened  by  the  mix- 
ture of  a quantity  of  water  more  or  lefs  confi- 
derable  : fo  that  it  feizes  the  earths,  combines 
with  them,  caufes  them  to  increafe  in  bulk  by 
rhe  efflorefcence  which  takes  place,  and  at  the 
end  of  feveral  days  the  whole  furface  expofed 
to  the  vapour  is  converted  into  alum.  Care 
is  taken  to  ftir  thefe  earths  from  time  to  time, 
that  they  may  fucceffively  prefent  ail  their  fur- 
faces  to  the  addon  of  the  acid. 

But  whatever  procefs  may  be  ufed  to  com- 
bine the  acid  with  clay,  it  is  neceffary  to  ex- 
pofe  the  aluminized  earths  to  the  air  during  a 
greater  or  lefs  fpace  of  time,  in  order  that  the 
combination  may  be  more  accurate,  and  the 
faturation  more  complete, 

Moft  of  the  alum  in  commerce  is  afforded 
by  ores  which  are  dug  out  of  the  earth  for  this 
purpofe.  We  may  reduce  all  the  operations 
of  this  manufacture  to  three  or  four  : the  de- 
compofition  of  the  ore,  the  lixiviation  of  the 
ore,  the  evaporation  of  thefe  lixiviums,  and 
the  cryftallizatioh  of  the  alum. 

, i . The  decompofition  of  the  mineral  is  effect- 
ed cither  in  the  open  air  without  affiftance,  or 
elfe  by  means  of  fire. 
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When  the  mineral  is  left  to  decompofe  fpon- 
taneoufiy,  nothing  more  is  done  than  to  difpofe 
the  ftone  which  contains  the  principles  of  alum 
in  ftrata  or  layers.  The  pyrites  become  heat- 
ed ; acid  is  formed,  which  diffolves  the  clay  ; 
and  the  fait  arifing  from  this  combination  ex- 
hibits itfelf  by  the  efflorefcence  of  the  ore* 
The  decompoiition  may  be  accelerated  by  wa- 
tering the  heap  of  pyrites  ; but  the  operation 
may  be  full  more  abridged  by  the  affiftance  of 
fire. — The  method  of  applying  the  heat  varies 
prodigioufly.  On  this  head  Bergmann  may 
be  confulted  ; but  in  general  it  may  be  ob- 
ferved  that  it  ought  not  to  be  either  too  ftrong 
or  too  weak.  In  the  fir  ft  cafe  it  volatilizes 
the  fulphur,  and  in  the  fecond  it  retards  the 
operation. 

The  ore  of  alum  is  fomctimes  impregnated 
with  a fufficient  quantity  of  bitumen  to  main- 
tain the  combuftion. — See  my  Memoir  on  the 
Alum  Ore  of  Vabrais,  1785. 

2.  When  the  ore  has  effiorefced  into  alum, 
the  fait  is  extracted  by  lixiviation.  For  this 
purpofe  the  fame  water  is  palTed  over  feveral 
heaps  of  aluminous  earth,  in  order  to  faturate  it. 
The  water  which  is  firft  palled  over  the  earth 
diffolves  in  preference  the  vitriol,  which  is 
more  or  lefs  abundant : and  this  fait  may.  be 

fepa  rated 
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feparated  from  the  alum  by  a previous  cold 

wafhing. 

3.  This  lixivium, or falinefolution,is  carried 
into  leaden  caldrons,  where  the  fluid  is  properly 
concentrated.  In  this  part  of  the  procefs  it  is 
that  an  accurate  faturation  of  the  alum  is  effedt- 
ed  when  the  acid  is  in  excefs  ; and  for  this  pur- 
pofe  alkalis  are  added,  which  ferve  likewife  An- 
gularly to  facilitate  the  cryftallization.  The 
celebrated  Bergmann  has  propofed  to  boil  clay 
with  the  folution,  to  faturate  the  excefs  of  acid. 
This  procefs  feems  in  every  point  of  view  to  be 
advantageous  ; but  it  appears  to  me  to  be  im- 
practicable, becaufe  the  fuperabundant  acid 
cannot  be  made  to  combine  with  the  clay  but 
by  a very  long  ebullition  ; and  I have  obferved 
that,  by  afterwards  evaporating  the  fluid  to 
caufe  it  to  cryftallize,  this  clay  falls  down,  and 
oppofes  the  cryftallization.  I have  varied  the 
procefs  in  a variety  of  ways,  without  obtaining 
thefuccefs  which  its  celebrated  author  predicted. 

There  are  methods  of  greater  of  lefs  accu- 
racy to  judge  of  the  degree  of  concentration  to 
which  it  is  proper  to  carry  the  lixivium,  in  order 
to  obtain  a good  cryftallization  : fuch  are,  the 
immerflon  of  an  egg  in  the  liquid,  the  eftuflon 
of  fome  drops  of  the  lixivium  on  a plate,  &c. 
Mr.  De  Morveau  has  propofed  a metallic  hy- 
grometer ; * 
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grometer;  but  this  inftrument  cannot  be  con- 
iidcred:as  very  accurate,,  becaufe  its  immerfion 
in  the  liquid  i;s  proportional  to  the  heat  of  the 
fluid  in  which  it  is  plunged. 

4.  The  lixivium  is  then  conveyed  into  coolers. 
Where  it  ciyftallizes  by  mere  refrigeration.  The 
pyramid  s' of  alum  are  conftantly  turned  towards 
the  bottom  of  the  veffel,  more  especially  thofe 
which  fix  themfelves  to  the  flicks  which  are  put 
into  the  liquor  to  multiply  the  furfaces. 

Alum  afFefetheformoftwo  tetrahedral  pyra- 
mids, applied  to  each  other  bafe  to  bafe.  Some- 
times the  angles  are  truncated,  and  thefe  trun- 
catures  take  place  moft  frequently  when  the 
lixivium  is  llightly  too  acid. 

This  fait  requires  fifteen  times  its  weight  of 
water  to  diffolve  it,  at  the  temperature  of  60 
degrees  of  Fahrenheit,  according  toKirwan. 

Its  tafbe  is  ftyptic : itlofesits  water  of  cry  Uti- 
lization by  heat ; at  the  fame  time  that  it  fwells 
up,  and  is  converted  into  a light  and  white 
fubftance,  called  burned  or  calcined  alum. 

If  it  be  urged  by  a violent  degree  of  heat,  it 
lofes  part  of  its  acid,  and  becomes  taftelefs.  The 
refidue  is  no  longer  fufceptible  of  cryffalliza- 
tion,  and  precipitates  in  the  form  of  a very  fine 
adhelive  powder,  in  proportion  as  the  water  is 
difperfed  by  evaporation. 

Vofc:  II.  F 
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Alumine  is  precipitated  from  this  folution 
by  magnefia,  barytes,  and  the  alkalis  : thefe 
laft  dilfolve  the  precipitate  in  proportion  as  it 
is  formed,  if  they  be  added  in  excefs. 

Alum  is  a very  valuable  material  in  the  arts. 
It  is  the  foul  of  the  art  of  dyeing,  and  ferves  as 
the  mordant  to  all  colours.  It  is  ufed  to  prepare 
leather,  toimpregnatepaper  and  cloths  intended 
to  be  printed.  It  is  added  to  tallow,  to  render 
it  harder ; it  enters  into  the  preparation  of  a 
glue  for  the  deftru&ion  of  vermin  ; it  is  em- 
ployed in  England,  and  elfewhere,  to  give  white- 
nefs,  and  additional  weight,  to  bread.  When 
fufed  with  faltpetre  of  the  firft  boiling,  it  forms 
a very  white  cryftal  mineral. 

The  printers  rub  their  balls  with  calcined 
alum,  to  caufe  them  to  take  the  ink.  Surgeon? 
employ  it  to  corrode  fungous  or  proud  fle{h. 

SPECIES  II. 

Carbonate  of  Alumine. 

The  argillaceous  earth  precipitated  from  the 
folution  of  alum  by  the  carbonates  of  alkalis, 
combines  with  their  acid ; but  this  fait  is  very 
rarely  found  in  nature.  I know  only  of  the  ob- 
fervation  of  Schreber  which  afcertains  its  ex- 
igence. This  naturalill  afierted  that  the  earth 

known 
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known  by  the  name  of  Lac  Lunae  is  a true  car- 
bonate of  alumine. 

Although  alumine  be  foluble  in  the  other 
acids,  we  are  very  littleacquainted  with  its  com- 
binations. It  is  only  known  that  the  nitric 
acid  dilTolves  it,  that  the  folution  is  aftringent, 
and  that  it  may  be  obtained  in  fmall  ftyptic  and 
deliquefeent  cryftals. 

The  muriatic  acid  has  a more  evident  adlion 
upon  alumine.  This  muriate  is  gelatinous  and 
deliquefeent. 

Thefe  falts  have  not  been  applied  to  any  ufe, 
and  they  are  no  where  found  in  nature. 

. T,  f r v ...  , . * . , . , . . • . . . 

GENUS  V. 

Earthy  Salts  with  Safe  of  Silex. 

Silex  is  of  all  the  known  earths  that  which 
combines  the  moft  difficultly  with  acids. 

We  are  even  acquainted  with  no  other  acid 
than  the  fluoric  which  exerts  an  evident  adlion 
upon  it.  It  rifes  with  it,  and  holds  it  in  folu- 
tion until  it  abandons  it  to  unite  with  water. 

Some  experiments  of  Mr.  Achard  gave  Tea- 
Ton  to  think  that  the  carbonic  acid  diflolved 
lilex ; but  the  Parifian  cherniftsdid  not  obtain 
the  refults  announced  by  the  chemift  of  Berlin. 
Mr.  De  Morveau  feems  to  have  proved  that 
F 2 iron 
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i fort*  arid  thd  carbonic  acid-  wefe  neceffary  to 
form  rock  cryftals:  but  this  acid  does  not  re- 
main united  and  combined  with  the  earth  ; fo 
that  we' have  not  hitherto  arrived  at  any  proof 
of  its  diffolving  virtue. 


CLASS  II 


Concerning  the  Combination  and  Mixture  o£ 
Primitive  Earths,  or  Earthy  Mixtures. 

The  pure  and  fimple  earths,  fuch  as  we  have 
deferibed  them,  are  rarely  found  on  the  furface 
of  the  globe.  They  are  conftantly  mixed  with 
each  other,  and  form  maifes  of  greater  or  lefs 
magnitude,  and  various  hardnefs,  according  to 
the  nature  of  the  earths,  their  ftate  of  divifion, 
and  the  chara&er  of  the  foreign  fubflanccs 
which  are  combined  with  them,  fuch  as*  iron, 
bitumens,  &c.  : 

It  nhaybeeafily  underftood  that  the  number  of 
competitions  which  can  refuit  from  the  mixture 
offivb  {Primitive  earths,  would  be  infinite,  if  we' 
were" to  pay  attention  to  fuch  flight  varieties  as 
depend  oh  the  proportions  of  the  mixture : but 
I fnall  not  confider  any  mixtures  asconftituting 
fpecies  truly  diftinff,  exdeptTuchasdifferin  the 
idfritity  of  their  corlftituent  principles.  The 
(Tight  differences’  in1  the  proportions  of  thefe 
~ ~ principles 
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principles  may  indeed  occafi on  modifications  in 
the  form,  the  hardnefs,  the  colour,  &c.  But 
thefe  can  never  constitute  more  than  varieties. 

We  (hall  naturally  deduce  the  genus  from 
the  (tone  qr  earth  which  predominates  in  any 
mixture,  and  appears,  to  communicate  its  own 
character  to  the  total  mafs.  In  this  manner  we 
lhall  clafs  among  the  calcareous  mixtures  fuch 
ftones  as  exhibit  to  our  pbfervation  the  proper- 
ties of  liiqe-ftone  to  fuch  a degree,  that  they 
would  be  taken  to  jbe, purely  calcareous  if  the 
chemical  analyfis  did^not  prove  the  exiftence 
of  o.ther  principles. 

The  genus  ought  not  in  flridnefs  to-be  taken 
and  deduced  from  the  earthy  principle  \v*hich 
predominates ; for  the  pharader  of  the  whole 
piafs,  or  of  the  mixture,  is  very  frequently 
given  by  an  earth  which  does  not  form  the 
moft  abundant  principle  ; as  we  obferve  more 
efpecially  in  magneftan  earths,  where  the  lilex 
predominates  over  the  magnefia. 

GENUS  i. 

■'  rj  r>  ;/  . ■ . 

Calcareous  Mixtures. 

According  to  the  principles  we  have  laid 
down,  we  mu  ft  refer  to  this  place  thofe  ftany 
mixtures  in  which  the  properties  of  lime-ftone 
predominate. 
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spEcns  i. 
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Lime-ftone  and  Magnefia. 

This  mixture  is  very  common ; almoft  all  the 
calcareous  ftones  contain  magnefia.  Mr.  Bayen 
has  defcribed  a variety  in  the  Journal  de  Phy- 
fique,  t.  xiii.  which  contains  in  the  hundred 
parts  feventy-five  carbonate  of  lime,  twelve 
magnefia,  and  thirteen  iron : it  is  the  earth  of 
Crentz  wald.  Mr.  Woulfe  has  defcribed  another 
variety  in  the  Philofophical  Tranfadtions  for 
1779.  ^ afforded  fixty  parts  carbonate  of 

lime,  thirty-five  carbonate  of  magnefia,  and 
three  of  iron. 

The  analyfis  which  I have  made  of  feveral 
lime-ftones  in  our  province,  conftantly  afford- 
ed magnefia. 


SPECIES  11. 

Lime-ftone  and  Barytes. 


Mr.Kirwan  has  informed  us  that  this  fpecies 
is  found  in  Derbyfhire,  in  the  form  of  a flone, 
and  like  wife  in  the  earthy  ftate.  It  is  of  a grey 
colour,  and  harder  than  ordinary  lime-ftones. 


SPN 
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SPECIES  III. 

Carbonate  of  Lime  and  Alumine. 

This  mixture  is  frequently  met  with.  It  is 
commonly  known  by  the  name  of  Marie.  The 
proportions  of  the  two  conftituent  principles 
are  infinitely  various.  It  is  upon  this  propor- 
tion that  the  diftindtion  of  fat  marles  and  lean 
marles  depends,  and  difpofes  them  to  ferve  as 
manure  for  earths  of  different  kinds.  The 
marles  are  almoft  always  coloured  by  iron. 

They  appear  to  rife  from  the  decompofition 
of  the  natural  mixtures  of  chalk  and  clay,  and 
contain  more  or  lefs  of  filex ; but  the  analyfis 
which  I made  fix  years  ago  of  all  the  marles  I 
could  procure,  convinced  me  that  they  were 
often  nothing  more  than  a mixture  of  clay  and 
chalk.  I have  likewife  found  magnefia  in 
marles,  fometimes  in  the  quantity  of  feventeen 
parts  in  the  hundred ; but,  in  general,  they 
may  be  confiaered  as  formed  effentially  by  the 
two  earths  here  mentioned  * 

Alumine  is  found  likewife  mixed  with  car- 
bonate of  lime  in  marbles.  Mr.  Bayen  has 
proved  this  in  the  fecond  volume  of  the  Jour- 
nal de  Phyfique:  and  I have  confirmed  the 
truth  of  his  refults  by  the  analyfis  of  feveral 
marbles  of  our  province.  It  is  even  upon 

this 
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this  principle  that  we  may  account  for  the 
greafy  polifh  which  fome  of  them  take. 

The  very  evident-difference  which  may  be 
eftabli(hed  between  the  mixtures  which  form 
marie  and  marble,  is,  that  the  fir  ft  is  the.  ipa- 
mediate  product  of  a decompofition  principaU 
ly  effected  by  the  alterations  of  the  iron  which 
it  contains  ; whereas  the  fecond  is  produced 
by  a purely  mechanical  mixture  of  twp  princi- 
pips  already  formed,  which  being  pounded 
and  ground  as  it  were  together,  form  a corn- 
pad,  hard,  clofeaffemblage,  fufceptible  of  the 
moft  beautiful  polifn. 

advh;;,  -mi  i::d  • v:o::r  nro 

SPECIES  IV* 

,-■<  , ,,  )-»rrv>K4  bhjo  >• 

Lime-ftone  and  Silex. 

This  fpeci.es  is  not  common.  It  is  known 
under, the  name  of  Stellated  Spar,  Stern  Schpeii 
of  the  Germans.  It  is  opake,  and  of  a radiated 
texture  pjrjfo^m.  .Mr.  Fichtel  found  it  in  lime- 
ftone  on  the  Carpathian  mountains.  It  effqr- 
vefees  with  acids ; and,  according  to  Mr. 
Bindheim,  .one  hundred  parts  of  this  ftone 
contain  fixty-fix  carbonate  of  lime,  thirty  filex* 
and  three  iron. — See  Kirwan. 

The  mixture  of  the  pulverulent  remains  of 
the  primitive  rocks  tranfported  into  our  coun- 

% try 
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try  by  the  rivers  which  rife  in  the  Alps  ajid 
the  Cevennes,  together  with  our  own  calcare- 
ous fragments,  frequently  form  beds  of  a ftone 
of  this  nature.  The  only  difference  between 
them  is,  that  our  mixtures  exhibit  a confufed 
alTemblage  of  all  the  principles  which  belong 
to  the  primitive  jocks,  fuch  as  clay,  filex,  and 
others. 

species  v. 

Limeftone  and  Bitumen. 

This  mixture  is  known  by  the  name  of 
Swine-ftone.  It  abounds  in  the  diocefes  of 
Alais  and  Uzes:  I have  feen  the  calcareous 
rock  impregnated  with  bitumen  in  an  extent 
of  more  than  three  leagues  diameter.'  It  is  even 
fo  abundant  in  fome  parts,  that  it  diflils  through 
the  clefts  of  the  rocks,  and  forms  flaladlitous 
bitumen,  which  the  peafants  colleft  to  mark 
, their  fheep,  or  to  greafe  their  cart-wheels.  The 
heat  of  our  fummer  fometimes  foftens  it  to  fuch 
a degree,  that  it  flows  into  the  roads,  where  it 
adheres  to  and  impedes  the  motion  of  the 
fledges  and  other  carriages. 

In  fome  places  the  ftone  is  fo  well  impreg- 
nated with  bitumen,  that  it  may  be  wrought ; 
but  the  blow  of  a hammer  caufes  it  to  emit  an 
abominable  fmell.  Mr.  D’Avejan,  bifhop  of 

Alais, 
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Alais,  having  ufcd  this  (tone  to  pave  the  apart- 
ments of  his  palace,  the  friction  and  heat  dis- 
engaged fo  unpleafant  a fmell,  that  his  fuccef- 
fors  were  obliged  to  fubftitute  a ftone  of  another 
kind  in  its  ftead. 

Mr.  De  la  Peyroufe  found  this  (lone  in  large 
mafTes  near  Saint  Beal  in  Comminge,  at  L’Ef- 
tagneau,  and  at  the  mill  of  Langlade.  * 

%r^  SPEC  1 ErS  VI. 

Li  me- ftone  and  Iron. 

Iron  is  almoft  always  a*  conftituent  part  of 
lime-ftone;  but  it  fometimes  exifts  in  fuch  a 
proportiorij  that  thefe  mixtures  conftitute  iron 
ores.  Mr.  Kirwan  deferibes  two  of  this  na- 
ture,* oneof  which  contains  twenty-five  pounds 
of  iron  in  the  quintal,  and  the  other  ten.  • Mr. 
Rinmann  has  deferibed  ftalacftites  which  afford 
iron,  in  the  proportion  of  from  twenty-feven 
to  twenty  pounds  in  the  quintal. 

Calcareous  iron  ores  are  wrought  in  many 
parts  of  our  province.  I have  myfelf  obtain- 
ed forty-four  pounds  of  iron  in  the  quintal, 
from  a calcareous  ftone  which  abounds  on  the 
mountain  of  Frontignan. 

It  is  common  to  find,  in  our  calcareous 
mountains,  Hematites  rich  in  iron,  whofe  bafe 
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is  calcareous ; we  find  likewife  fpecies  of  ludus 
of  the  fame  genus,  and  fometimes  even  tufa, 
whofe  forrriation  arifes  from  waters  loaded 
with  iron  and  lime. 

The  fpathofe  iron  ores  are  of  the  fame  clafs 
as  thofe  we  have  juft  treated  of. 

; . v.  , > i ' ‘ ') 
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GENUS  II. 

Barytic  Mixtures. 

Thefe  mixtures  are  very  rare,  becaufe  the 
ftone  itfelf  is  fcarce.  We  fhall  mention  only 
two  fpecies. 

S P:JE  c i e s r. 

Sulphate  of  Barytes,  Petroleum,  Gypfum, 
Alum,  and  Silex. — Bergmanni  Sciagr.  f.  90 ; 
Kirwan  Min.  p.  60. 

The  name  of  Hepatic  Stone  ( Lapis  Hepa- 
ticus)  has  been  given  to  this  mixture. 

The  colour  varies  much  : its  texture  is  uni- 
form, lamellated,  fcaly,  or  fparry.  It  takes 
the  polifh  of  alabafter. 

It  forms  a kind  of  plafterby  calcination,  and 
emits  a ftrong  and  fetid  fmell  by  fridtion. 

One  hundred  parts  of  this  ftone  contain  thir- 
ty-three barytes,  thirty-eight  filex,  feventeen. 
alum,  feven  gypfum,  and  five  petroleum. 
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SPECIES  II. 

Carbonate  of  Barytes,  Iron  and  Silex. 

Mr.  Kirwan  has  mentioned  this  ftone  on  the 

■ ; , ! 

authority  of  Mr.  Bindheim.  It  is  infoluble  in 
acids,  and  of  a fparry  texture';  but  he  is  tempt- 
ed to  confider  it  as  a fulphate  of  barytes,  in 
confequence  of  the  property  obferved  by  Mr. 
Bindheim,  that  it  becomes  foluble  in  acids, 
alter  having  been  calcined  with  oil. 

'i  » ( I ■ > * j t ' . ‘ - ' S’. . - . >.  . 1 • LQj* 
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GENUS  III. 

Magnefian  Mixtures. 

All  the  fpecies  comprifed.in  this  genus  pof- 
fefs  characters  fufficiently  ftriking,  and  eafily 
known.  They  are  in  general  greafy  and  foft  to 
the  touch;  they  may  be  cut  with  a knife,  turn- 
ed in  a lathe,  and  converted  into  any  form  at 
pleafure.  They  take  a tolerably  good  polifh. 
Some  of  tti£m  are  difpofed  iuto  fibres ; and 
thefe  fibres  poflefs,  for  the  moft  part,  a remark- 
able degree  of  flexibility.  They  ftick  to  the 
tongue  like  clays;  but  do  not,  like  them,  foften 
in  the  water. 
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SPECIES  I. 

Pure  Magnefia,  Silex,  and  Alumine, 

SPECIES  II. 

Carbonate  of  Magnefia,  Silex,  and  Alumine. 

The  mixture  of  thefe  three  earthy  principles 
forms  talcs,  fteatites,  pot-ftones,  or  lapides  oU 
lares. 

The  difference  which  analyfis  fliews  between 
thefe  two  fpecies,  is  almod  entirely  confined 
to  the  proportions  of  their  condiment  princi- 
ples. This  circumdance  might  appear  diffi- 
dent to  authorife  us  in  confidering  them  only 
as  varieties  of  each  other.  But  as  the  magiie- 
fia  is  pu;e  in  the  talc,  and  in  the  date  of  car- 
bonate in  the  deatites,  we  fhali  confider  them 
as  different  fpecies. 

i.  Pure  magnefia,  mixed  with  near  twice  its 
weight  of  filex,  and  lefs  than  its  weight  of  alu- 
irrine,  forms  talc.  It  is  of  a white,  grey,  yel- 
low, or  greenifh  colour  ; foft  and  foapy  to  the 
touch,  compofed  of  tranfparent  laminae  placed 
upon  each  other.  Thefe  laminse  arc  more  ten- 
der than  thofe  of  mica;  they  lock  together,  and 
are  ufually  divided  into  rhombi,  and  may  be 
crufhed  or  fcratched  with  the  nail. 
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Its  fpecific  gravity  is  2.729. 

Fire  renders  it  more  brittle  and  white;  but  it 
is  infufible  by  the  blow-pipe,  and  can  fcarcely 
be  fufed  by  the  addition  of  alkali.  The  borate 
of  foda,  and  the  phofphate  of  urine,  fufe  it  with 
a flight  effervefcence. 

Mufcovy  talc  is  compofed  of  large  elaftic, 
flexible,  and  tranfparent  leaves.  Plates  of  talc 
have  been  raifed  in  the  quarries  of  Vitim  in  Si- 
beria which  were  eight  feet  fquare. 

2.  Steatites  is  ufually  of  a greenifh  white  : it 
may  be  eafily  cut  with  a knife  ; and  the  dull 
which  is  produced  by  feraping  it  does  not  rea- 
dily mix  with  water. 

Its  fpecific  gravity  is  about  2.433. 

, It  is  infufible  alone,  hardens  in  the  fire,  and 
becomes  white.  The  borate  of  foda  facilitates 
its  fulion  ; but  foda,  and  the  phofphates  of 
urine,  do  not  perfectly  diffolve  it. 

According  to  the  analyfis  of  Bergmann,  one 
hundred  parts  of  ileatites  contain  eighty  filex, 
feventeen  magnefia  in  the  Rate  of  carbonate, 
two  alumine,  and  one  iron. 

Steatites  is  fometimes  found  in  malTes  of  in- 
determinate figure,  and  fometimes  cryftallized, 
fuch  as  that  which  Mr.  Gerhard  found  at 
Raichewtein  in  Silefia.  Chem.  Ann.  1785.— 
and  Mr.  Rome  de  Lifle  poffelfes  cryftals  in 

hexagonal 
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hexagonal  laminae,  refembling  the  leaves  of 
mica. 

The  white  fteatites  of  Brian^on  is  compofed 
of  irregular,  friable,  and  femi-tranfparent 
leaves.  It  often  inclofes  cryftals  of  fteatites, 
of  a white  or  greenifh  colour,  wrhich  have  the 
form  of  tetrahedral  prifms. 

The  fteatites  of  Corftca  appears  to  be  formed 
by  fibres  placed  beiide  each  other.  It  has  a 
greenifh  colour,  and  no  perceptible  degree  of 
flexibility. 

The  fteatites  of  Bareith  is  grey,  compadl, 
and  folid. 

That  of  Queen  Charlotte’s  Bay  in  New  Zea- 
land is  ftriated,  green,  femi-tranfparent,  and 
fufficiently  hard  to  give  fire  writh  the  fteel. 

3.  The  foap-ftone  of  China  is  a fteatite,  of- 
ten ftriated  ; but  it  is  not  more  uncftuous  than 
thofe  we  have  already  mentioned. 

The  fteatites  of  Brian^n  forms  the  bafts  of 
the  vegetable  red. 

4.  The  lapis  ollaris,  orpot-ftone,  is  only  a va- 
riety of  the  fteatites.  It  does  not  appear  to  me 
to  differ  from  it,  excepting  in  being  harder. 

Its  colour  is  ufually  greyifh  ; but  it  is  fome- 
times  blackened  by  bitumen. 

Mr.  Gerhard  has  obferved  that  the  lapis  olla- 
ris of  Sweden  effervefces  with  acids,  and  con- 
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tains  calcareous  earth ; but  this  mixture  is  pecu- 
liar to  it.  Thofe  of  Saxony,  Silefia,  and  Cor- 
fica  do  ndt  contain  it.  The  lapis ollaris  rriay  be 
wrought  with  the  greateft  facility.  Iii  the 
country  of  the  Grifons,  in  Corfica,  and  elfe- 
where,  it  is  turned,  and  formed  into  Vetfels' 
which  refift  the  fire,  and  have  not  the  incon- 
venience of  our  glazed  pottery  ; it  is  from' thefe 
ufes  that  it  has  obtained  the  name  of  Lapis 
Ollaris,  Pot  Stone,  &c. 

SPECIES  III. 

Pure  Magnefia  combined  with  fomewhat  more 
than  its  weight  of  Silex,  one-third  of  Alu- 
mine,  near  one-third  of  Water,  and  more  or 
lefs  of  Iron. 

This  mixture  forms  the  Terpentine.  Ithas  a 
great  analogy  with  the  preceding  fubftances, 
but  is  diftinguifhed  from  them  by  a more  evi- 
dent degree  of  hardnefs  ; by  the  property  of  ac- 
quiring a more  beautiful  polifh  ; and  by  a quan- 
tity of  iron  .fufficiently  coniidetable  to  afford 
it  a peculiar  charaffer. 

The  Terpentine  is  wHitifh,  greenilh,  bhfeifh, 
orblackifh;  frequently  marked  with  black  fpotsy 
andfometimes  interfe&ed  with  bands  of  various 
colours.  Some  ferpert tines  are  even  tranfpa-' 

rent. 
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rent.  The  Royal  Cabinet  of  Mines  poflefs  a 
fpecimen  whofe  ground  is  grey,  and  interfper- 
fed  with  reddifh  femi-tranfparent  and  chatoy- 
ant fpots. 

Serpentine  varies  likewife  in  its  texture. 

It  is  compact,,  granulated,  fcaly,  lamellated, 
or  fibrous.  ,,  r 

It  takes  the  moft  beautiful  polifh. 

The  iron  it  contains  is  fometimes  obedient 
to  the  magnet* 

Its  fpecific  gravity  is  from  2.4  to  2.65. 

It  melts  in  a violent  heat ; but  a lefs  degree 
of  fire  hardens  it. 

Mr.  Bayen,  who  has  analyfed  the  Terpentine, 
found  it  to  contain,  in  the  hundred  parts,  for- 
ty-one filex,  thirty-three  magnefia,  twenty 
alumine,  three  iron,  and  alfo  water. 

Mr.  Kirwan  has  obferved  that  the  ferpentine 
of  Corfica  contained  more  alumine,  and  iefs 
filex. 

Mr.  De  Joubert  pofieffes  a fpecies  of  ferpen- 
tine which  exhibits  fquare  plates  on  its  furface. 

Mr.  Dorthes  has  obferved  feveral  varieties  of 
the  Terpentines  on  our  Mediterranean  coalfs, 
ahd  in  the  river  of  Herault,  which  receives 
them  from  the  mountains  of  the  Cevennes. 


Vox.  II. 
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SPECIES  IV, 


Carbonate  of  Magnolia;  Silex,  Lime,  Aluminc 
and  Iron, 

This  combination  exhibits  feveral  varieties, 
which  are  known  under  the  name  of  Afbeftos, 
Mountain  Cork.  Their  texture  ferves  todif- 

r 

tinguifh  them  ; but  the  chemical  analyfis  con- 
founds them  together,  and  does  not  permit  us 
to  allow  any  other  diftindtion  than  that  of  va- 
rieties. 


...  .p.. 
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VARIETY’  I. 

/ 

Afbeftos. 

• . % * t ; • ' - »•  . 'Ai  r s:  ot 

This  itone  is  ufually  greenifli ; its  texture  is 
fometimes  fibrous  and  compadt,  and  fometimes 
membranaceous. 

Near  Bagneres  de  Bigorre,  in  the  mountains 
of  the  environs  of  BafTere,  MefTrs.  Dolomieu 
and  La  Peyroufe  found  cryftals  of  afbeftos  in 
rhomboidal  paralielopipeds. 

Afbeftos  is  rough  to  the  touch,  brittle  and 
rugged.  Its  fpecific  gravity  is  from  2.5  to  2.8. 

Fire  renders  it  whiter  and  more  brittle.  It 
is  infufible  by  the  blow-pipe,  according  to  Kir- 
wan  ; but  the  abbe  Mongez  affirms  that  afbeftos 
and  amianthus  are  fufible,  and  form  an  opake 
i O globule. 
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globule,  which  becomes  bluifh.  It  is  difficult- 
ly foluble  with  foda;  but  more  eafily  with  bo- 
rate of  foda  and  the  phofphates  of  urine. 

According  to  Bergmann,  the  afbeftos  con- 
tains in  the  quintal  from  fifty-three  to  feventy- 
four  parts  filex,  about  fixteen  magnefia,  from 
twelve  to  twenty-eight  carbonate  of  lime,  from 
two  to  fix  alumine,  and  from  one  to  two  iron* 

VARIETY  II. 

Mountain  Cork. 

This  name  has  been  given  on  account  of  a 
flight  refemblance  of  this  fubfiance  to  cork. 
Thisffone  is  very  light,  membranaceous,  flex- 
ible, and  ufually  of  a yellow  colour.  It  may  be 
more  eafily  torn  than  broken.  The  diocefe  of 
Alais  affords  very  fine  fpecimens. 

Among  a very  great  number  of  ffones  of  this 
nature,  fubje&ed  to  analyfis  by  the  celebrated 
Bergmann,  the  filiceous  earth  was  always  found 
predominant;  and  after  that  the  magnefian, 
which  was  never  lefs  than  twelve  parts  in  the 
hundred,  nor  more  than  twenty-eight. 
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SPECI  E'S  V, 

i 

Carbonate  of  Magnefia  and  Lime,  Sulphate  of 
Barytes,  Alumine,  and  Iron. 


This  combination  forms  amianthus.  It  is 
compofed  of  long  flexible  fibres,  parallel  to  each 
other,  and  very  foft  to  the  touch. 

They  are  fometimes  very  white,  but  often 
yeilowifh.  The  filaments  may  be  feparated  and 
detached  from  each  other;  and  may  be  even 
twilled  in  any  direction  without  danger  of 
breaking  them.  Their  flexibility  is  fo  won- 
derful, that  they  may  be  formed  into  clotfy 
The  ancients  conftru&ed  cloths  of  this  kind, 
in  which  they  burned  the  bodies  of  the  dead ; 
and  by  this  means  the  allies  were  collected 
without  mixture  of  thofe  of  the  fuel. 

Mr.  Dorthes  found  amianthus  in  tufts  upon 
Calcareous  flones  thrown  up  by  the  fea,  on 
which  it  was  Axed  with  plants,  corallines,  gor- 
gonia,  &cv  He  believes,  with  reafon,  that  this 
amianthusdidnotoriginateupon  the  flones,  but 


that  it  was  depofited  by  the  water.  He  found 

' W*  » 


likewife,  on  the  coaft,  balls  of  the  amianthus  of 
tw  o or  three  inches  diameter  imitating  aegagro- 
piles,  and  formed  by  the  intertwining  of  the 
threads  of  amianthus;  and  covered  with  a white 

* w tophofe 
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tophofe  fubftance,  of  the  nature  of  that  which 
covers  the  gorgonia,  and  is  the  work  of  a fpe- 
cies  of  fea  animalcule. 

The  fibres  of  amianthus  are  of  various 
lengths.  I have  received  fpecimens  from  Cor- 
lica,  whofe  filaments  were  very  flexible,  and 
eight  inches  long.  That  from  the  Pyrenean 
mountains  has  fhorter  fibres. 

Bergmann  analyfed  an  amianthus  from  the 
vicinity  of  Tarento,  of  which  100  parts  afforded 
64filex,  18.6  magnefia,  6.9  lime,  6 fulphate  of 
barytes,  3.3  alumine,  1.2  iron. 

GENUS  IV, 

Aluminous  Mixtures. 

Argillaceous  oraluminousftones  are  common 
enough.  They  are  feldom  polfefTed  of  more 
than  a moderate  degree  of  hardnefs,  and  are 
divifible  in  water.  But  the  mixture  of  their 
principles  is  in  fome  inftances  fo  intimate,  that 
they  poffefs  a very  ftrong  degree  of  confiftence. 

species  1. 

Alumine,  Silex,  Carbonate  of  Lime,  and  more 
or  lefs  of  Iron. 

We  may  here  place  all  the  varieties  of  clay. 
Chemical  analyfis  exhibits,  conftantly  enough, 

the 
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the  principles  whofe mixture  forms  thisfpecies ; 
but  the  proportions  among  thefe  confiituent 
principles  vary  fo  much,  that  the  varieties  of 
clay  are  almoft  infinite.  Independent  of  the 
principles  above  enumerated,  we  fometimes 
find  lime  combined  with  clay,  and  fometimes 
even  magnefia;  and  it  will  be  eafy  to  form  va- 
rious fpecies,  in  proportion  as  the  analyfis  of 
thefe  earths  fhall  become  more  perfect. 

The  argillaceous  mixtures  of  which  we  pro- 
pofe  at  prefent  to  fpeak,  are  characterized  by 
the  following  properties : — They  adhere  ftrong- 
ly  to  the  tongue,  become  dry,  hard,  and  {brink 
in  the  fire  ; are  divided,  and  form  apafie,  with 
wrater,  in  which  fiate  they  may  be  eafily  mould- 
ed and  turned,  &c.  The  clays  in  which  the 
filiceous  principle  is  moft  abundant  are  the 
drieft,  adhere  lefs  to  the  tongue,  are  lefs  com- 
pletely diffufed  in  water,  and  crack  lefs  when 
dried  by  the  heat  of  the  fire  or  the  fun. 

Mofi  clays  contain  iron  ; and  this  metal  is 
ufually  the  principle  of  their  colour.  From  the 
brownifii  clay,  in  which  iron  is  almofi  in  the 
native  fiate,  to  the  deepefi  red,  all  the  various 
fhades  are  owing  to  the  feveral  degrees  of  altera- 
tion in  this  metal.  Thefe  various  changes  are 
effected  either  at  the  furface  of  the  globe  by  the 
immediate  aftion  of  the  air,  which  calcines  the 

iron. 


Earthy  Mixtures.  Pott  fry.  87 

iron,  or  elfe  in  the  bowels  of  the  earth  ; in 
which  lafb  cafe,  the  effedis  arife  from  the  de- 
compofition  of  water  and  of  the  pyrites.  We 
may  trace  this  beautiful  work  of  nature  in  fe- 
veral  pyritaceous  ftrata  in  our  province;  and  on 
this  fubjedt  reference  may  be  had  to  my  Me- 
moir upon  the  Brown  Red  (Brun  Rouge), 
printed  by  Didot  by  order  of  the  province. 

We  {hall  diredtour  attention  lefs  to  the  fe- 
veral  varieties  of  clay  than  to  the  ufes  to  which 
they  are  applied.  The  firft  of  thefe  ufes  is  to 
form  the  bafis  of  pottery. 

Several  lpecies  of  pottery  may  be  obferved, 
which  neverthelefs  differ  from  each  other  only 
in  the  degree  of  finenefs  of  the  earths  made  ufe 
of,  and  the  care  that  has  been  taken  in  per- 
forming the  various  manipulations  which  they 
undergo. 

r.  The  mod  common  pottery  is  made  with 
any  kind  of  clay  indifcriminately  which  is  mixed 
with  fand,  to  render  it  more  porous,  and  by 
this  means  more  adapted  to  fupport  the  heat. 

Thefe  veffels  would  be  penetrable  by  water, 
if  they  were  not  covered  with  a glaze. 

The  glazes  of  pottery  are  ufually  made  either 
with  the  fulphureous  lead  ore  called  Alquin- 
foux,  and  in  England,  Potters  Lead  Ore,  or 
with  the  yellow  copper  ore.  For  this  purpofe, 

thefe 
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thefe  fubflances  are  reduced  to  powder,  mixed 
with  water,  and  the  veffel,  previoufly  dried  by 
a flight  baking,  is  dipped  in  the  mixture.  The 
porous  veffel  abforbs  the  water,  while  its  fur- 
face  becomes  covert*!  with  the  pounded  ore. 
The  veffel  is  then  carried  to  the  furnace,  and 
baked  by  a heat  which  vitrifies  the  ore  upon 
its  furface;  and  it  is  this  metallic  glafs  which 
forms  the  glaze  of  the  potters,  and  is  yellow  or 
green,  according  to  the  metal  made  ufe  of. 

Thefe  glazes  are  all  dangerous  ; becaufe  they 
are  foluble  in  fats,  oils,  acids,  &c. 

The  attention  of  intelligent  manufacturers 
has  been  long  directed  to  the  methods  of  fubfti- 
tuting  in  the  place  of  thefe  glazes,  others  which 
are  not  attended  with  the  fame  danger. 

We  might,  after  the  manner  of  the  Englifh, 
vitrify  the  furface  of  our  pottery  by  means  of  fea 
fait  thrown  into  the  fire-place  when  the  fur- 
nace is  at  a white  heat;  but  this  method  is  im- 
practicable in  moll:  of  our  manufactories,  be- 
caufe our  fires  are  not  fufficiently  ftrong. 

I have  tried  various  methods  to  glaze  pot- 
tery ; and  two  among  them  have  fucceeded  well 
enough  td  juftify  my  publifhing  them.  The 
fir  ft  conlifts  in  mixing  the  earth  of  Murviel  in 
water,  and  dipping  the  pottery  therein  : this 
done,  theyare  fuffered  to  dry  ; after  which  they 
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are  plunged  into  a fecond  water,  in  which  levi- 
gated green  glafs  is  mixed.  This  covering  ot 
vitreous  powder  fuics  with  the  clay  of  Murviel; 
and  the  refult  is  a very  fmooth,  very  white,  and 
very  cheap  glazing. 

The  fecond  method  confids  in  immerfing 
the  dried  pottery  into  a drong  folution  of  fea 
fait,  and  afterwards  baking  them.  The  trial 
which  I have  made  in  my  furnaces  gives  me 
reafon  to  expert  that  this  method  may  be  ufed 
in  large  works. 

I have  likewife  obtained  a very  black  glaz- 
ing,  by  expofing  pottery  ftrongly  heated  to  the 
fumes  of  fea-coal.  I have  coated  feveral  vef- 
fels  in  this  manner,  by  throwing  a large  quantity 
of  coal  in  powder  into  a furnace  wherein  the 
pottery  w:as  ignited  to  whitenefs.  The  effedtis 
dill  more  complete  when  the  chimneys  or  tubes 
of  afpiration  of  the  furnace  are  at  that  moment 
clofed,  and  kept  fo  for  fome  minutes. 

I have  given  an  account  of  all  thefe  circum- 
ftances,  and  many  others,  in  a work  prefented 
to  the  Royal  Society  of  Sciences  of  Montpel- 
lier ; in  which  I have  proved,  from  the  refults 
of  my  experiments  in  the  large  way,  that  the 
bed;  mixture  of  our  own  earths  is  capable  of  af- 
fording us  the  mod  beautiful  and  fined  pot- 
tery of  every  kind. 


2.  Fay- 
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2.  Fayence*.  This  does  not  differ  from  the 
pottery  we  have  here  fpoken  of/ except  in  the 
degree  of  finenefs  of  the  earths  ufed  for  its  bails, 
and  the  nature  of  its  covering  or  glaze. 

The  glazing  of  fayence  is  nothing  elfe,  as  is 
well  known,  butglafs  rendered  opake  by  means 
of  the  oxide  of  tin.  It  is  theglafs  called  Ena- 
mel. 

To  make  the  fine  white  enamel  of  the  pot- 
ters, one  hundred  pounds  of  lead,  thirty  of  tin, 
ten  of  marine  fait,  and  twelve  of  purified  pot- 
afli,  are  calcined  together.  This  mixture,  after 
calcination  and  fuiion,  produces  a beautiful 
enamel,  which  is  applied  in  the  fame  manner 
as  the  glaze  before  fpoken  of. 

Bernard  de  Paliffy  excelled  in  the  art  of  fav- 
encery ; and  it  is  to  him  that  we  are  indebted 
for  our  firft  acquifitions  in  this  manufacture  f. 

3.  The 

* Diftinguilhed  by  us  by  the  name  of  Delft  Ware.  T. 

+ I cannot  refill  my  inclination  to  infert  in  this  place  a few 
circumftancesof  the  life  of  this  great  but  unfortunate  man,  who 
lived  in  the  1 5th  century.  He  was  a native  of  the  diocefe  of 
.A gen,  and  his  firft  employment  was  that  of  furveyor  or  drafts- 
man of  plans  : but  his  tafte  for  natural  hiftory  led  him  to 
abandon  this  employment ; and  he  travelled  for  inftru&ion 
over  the  whole  kingdom,  and  Lower  Germany.  An  acciden- 
tal circumftance  threw  into  his  hands  a cup  of  enamelled  pot- 
tery 5 
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3.  The  fineft  pottery  is  known  by  the  name 
of  Porcelain;  it  ought  to  be  white,  tranfparent, 
and  of  a fine  grain. 

The  firft  porcelains  were  manufactured  in 
Japan  and  China. 

The  celebrated  Reaumur  firft  undertook  a ca- 
pital feries  of  experiments  to  imitate  thefe  potte- 
ries : but,  deceived  by  thefemi-tranfparenceand 

vitreous 

tery;  and,  from  that  time,  his  whole  time  and  fortune  were 
taken  up  in  experiments  on  enamels.  Nothing  can  be  more 
intereftir.  g than  the  narrative  which  he  himfelf  has  given  of 
his  labours.  He  exhibits  himfelf  building  and  rebuilding  his 
furnaces  ; always  on  the  eve  of  fuccefs ; worn  out  by  labour 
and  misfortune;  the  derifion  of  the  public;  the  object  of  the 
angry  remonftrancesof  his  wife ; and  reduced  to  burn  his  furni- 
ture, and  even  the  wood-work  of  hishoufe,  to  keep  his  furnace 
going.  His  workman  prefles  him  for  money : he  {trips  himfelf, 
and  gives  him  his  clothes.  But  at  length,  by  dint  of  indefati- 
gable labour,  conftancy,  and  genius,  he  arrived  at  the  deftred 
degree  of  perfe&ion;  which  gained  him  the  efteem  and  con- 
fideration  of  the  greateft  men  of  his  age.  He  was  the  firft  who 
formed  a colledtion  of  natural  hiftory  at  Paris,  and  even  gave 
lectures  on  that  fcience;  receiving  half-a-crown  from  each  of 
his  auditors,  under  the  obligation  of  returning  it  fourfold  if  any 
thing  he  taught  ftiould  prove  falfe.  The  high  reputation  he 
acquired,  and  the  obligations  under  which  his  countrymen 
ftood  indebted  to  him,  were  not  fufticient  to  defend  him  from 
the  perfecutions  of  the  League  ; for  Matthew  De  Launay, 
one  of  the  greateft  fanatics,  caufed  him  to  be  dragged  to  the 
Baftileat  the  age  of  ninety  years.  He  fignalized  himfelf  in 

his 
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vitreous  appearance  of  porcelain,  he  imagined 
it  to  be  a femi-vitrification,  and  attended  only 
to  the  means  of  hopping  the  procefs  of  vitrifica- 
tion at  a certain  fiage  of  its  effedl,  or  of  caufing 
it  to  become  reverfed.  He  fucceedcd  in  his 
undertaking,  by  filling  bottles  with  fand  and 
gvpfum,  and  expofing  them  to  a potter’s  fur- 
nace. I have  likewife  produced  the  fame  effedt 

his  prifon  by  a<fts  of  firmnefs  and  heroifm.  Henry  the  Third 
\ifited  him,  and  reprefentedhisfituation  in  thefe  words:  “ My 
“ good  man,  if  you  cannot  reconcile  yourfelf  to  the  matter  of 
*f  religion,  I {hall  be  compelled  to  leave  you  in  the  hands  of 
t!  my  enemies.” — Paliify  anfwered,  f(  Sire,  I was  perfectly 
“ ready  to  furrender  my  life  for  the  glory  of  GOD.  If  this 
“ a&ion  could  have  been  accompanied  with  any  regret,  cer- 
f(  tainly  it  muft  have  vanifhed,  after  hearing  the  great  King 
f : of  France  fay,  I am  compelled.  This,  fire,  is  a fituation  to 
,f  which  neither  yourfelf,  nor  thofe  who  force  you  to  act  con- 
“ trary  to  your  own  difpofition,  can  ever  reduce  me : becaufe 
4<  lam  prepared  for  death;  and  becaufe  neither  your  whole 
“ people,  nor  your  Majefty,  poflefs  the  power  of  forcing  a 
“ limple  potter  to  bend  his  knee  before  images/’ — Bernard 
DePaliify  was  the  firft  who  affirmed  that  calcareous  mountains 
are  the  remains  of  fhells.  He  has  exhibited  fuch  a degree  of 
intelligence  and  fagacity  in  all  his  writings,  that  he  deferves 
to  be  placed  among  thofe  great  men  who  are  an  ornament  to 
our  nation.  The  very  form  of  his  works  exhibits  a proof  of 
original  genius.  They  confift  of  dialogues  between  Theory 
and  Praftice.  Pra&ice  is  always  the  inflru&or  ; and  Theory 
is  reprefented  as  a fcholar,  proud  of  his  own  underflanding, 
but  indocile  and  ignorant. 
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by  a very  different  procefs,  though  dependent 
on  the  fame  theory.  When  I concentrate  my 
oils  of  vitriol  in  the  green  glafs  of  our  manufac- 
ture, that  part  of  the  retort  which  is  continually 
(truck  by  the  riling  oil  of  vitriol  becomes  white, 
and  lofes  its  tranfparence.  This  phenomenon 
confta ntly  takes  place,  whenever  the  fire  is  raifed 
fomewhat  more  than  ufuak  The  retort  preferves 
its  form  ; but  all  its  alkali  is  extracted,  and  there 
remains  only  the  quartzofe  principle  of  a beau- 
tiful white  colour,  fomewhat  cracked  like  the  < 
porcelainof  Japan.  As thedecompoiitioncom- 
mences  at  the  interior  furface,  which  is  imme- 
diately aCted  on  by.  the  vapours,  this  furface  is 
frequently  rendered  white,  and  difcoloured ; 
while  the  exterior  furface  remains  perfectly  vi- 
treous, and  exhibits  a ftriking  contraft.  For, 
when  the  interior  furfaceof  theglafs  isinfpeCted, 
it  prefents  a white  covering  applied  againft  a 
furfaceof  glafs ; forming,  by  the  union  of  both, 
a thicknefs  no  greater  than  that  of  which  re- 
torts are  ufually  made. 

Father  Dentrecolles  fent  from  China  the  fub- 
ftances  ufed  in  the  fabrication  of  porcelain  ; 
they  are  known  by  the  names  of  Kaolin  and  Pe- 
tunze.  Similar  fubftances  were  foon  found  in 
France ; and  our  porcelain  manufactories,  in  a 
fhort  time,  equalled  the  moft  beautiful  produc- 
3 tions 
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tions  of  this  kind,  and  even  exceeded  them  in 
the  beauty  of  defign  and  figure.  The  manufac- 
tory of  Seves  is  at  prefent,  without  contradic- 
tion, the  firft  in  the  world.  Nothing  can  equal 
the  beauty  of  its  paintings,  the  regularity  of 
defign,  and  the  elegance  of  form,  which  are 
given  to  the  veffels  produced  in  this  manufac- 
tory. 

Four  principal  operations  may  be  diftinguifh- 

ed  in  the  manufacture  of  porcelain. 1.  The 

preparation,  the  mixture  of  earths,  and  the  work- 
ing of  the  pafte.  2.  The  firft  baking,  which 
forms  the  bifeuit.  3 . The  application  and  fufion 
of  the  glazeand  covering.  4.  The  art  of  paint- 
ing, which  demands  a third  baking,  in  order 
that  the  colours  may  be  better  combined,  fufed, 
and  amalgamated  with  the  glaze. 

I have  myfelf  made  very  beautiful  porcelain 
with  the  kaolin,  which  is  found  in  veins  in 
the  granite  of  St.  Jean  de  Gardonenque,  and 
the  field  fpar  fo  common  in  our  mountains  of 
Cevennes. 

The  quantity  of  porcelain  which  is  made  in 
China  is  immenfe.  There  are  five  hundred 
furnaces,  and  near  a million  of  men,  employed 
at  King-to-ching,  a province  of  Kian-fi. 

Our  clays  poffefs  other  advantages  likewife: 
theyferve,  in  the  fulling-mills,  to  clean  and  full 

piece 
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piece  goods.  The  bell  fullers  earth  is  foft  and 
foapy. 

The  name  of  tobacco-pipe  clay  is  given  to  a 
white  clay,  which  preferves  its  whitenefs  in  the 
lire,  and  refills  a violent  heat. 

Thefealed  earths,  or  terras  iigillatae,  are  clays 
upon  which  fuperflition  has  bellowed  chimeri- 
cal virtues.  They  are  impreffed  with  a feal, 
for  the  purpofe  of  deceiving  the  public  with 
greater  certainty  and  effrontery. 

Almoll  ail  the  marks,  more  efpecially  thofe 
which  are  found  in  ftrata,  appear  to  me  to  be 
compofed  of  the  fame  principles.  Much  vari- 
ation prevails  with  refpecfl  to  the  proportion  of 
thofe  conllituent  principles,  and  more  efpeci- 
ally with  regard  to  the  clay  which  predominates. 


SPECIES  11. 

Alumine,  Silex,  Pure  Magnelia,  and  Iron. 

Mica,  which  refults  from  the  mixture  of  thefe 
principles,  has  been  improperly  confounded 
with  talc.  Mica  is  foft  to  the  touch,  but  not 
greafy  like  talc.  It  polfelfes  in  general  a more 
brilliant  and  lefs  earthy  colour,  if  I may  ufe 
thefe  exprelfions. 

The  molt  ufual  colour  of  mica  is  white  or 

yellow* 
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yellow,  inclining  to  red;  but  it  has  been  found 
of  agreenifh,  red,  brown,  and  other  colours. 

Its  texture  likewife  varies:  it  is  fcaly,  lamel- 
Iated,  or  flriated. 

It  fometimes  exhibits  the  form  of  a fegment 
of  an  hexagonal  prifm. 

It  is  ufually  found  mixed  with  feld  fpar, 
quartz,  fchorl,  &c.  It  almofi:  always  exifts  iri 
the  primitive  rocks.  Its  fpecific  gravity  is  from 
2^35  to  3.000  when  charged  with  iron. — Kif- 
wan. 

The  colourlefs  mica  is  infufible.  It  is  only 
partially  foluble  in  foda,  in  which  it  becomes 
divided  with  effervefeence : it  fufes  in  the  bo- 
rate of  foda,  and  in  the  phofphates  of  urine, 
with  fcarcely  any  effervefceiice. 

The  coloured  micas  are  fuflble. — See  De 
Sau flu  re. 

The  fragments  of  mica  are  employed,  under 
the  name  of  Cats  Gold  or  Silver,  according  to 
the  colour,  as  a fand  for  drying  ink  upon  paper. 

Its  yellow  colour,  which  conflderably  refem- 
bles  that  of  gold,  often  deceives  the  ignorant, 
who  fuppofe  that  they  have  difeovered  a mine 
of  this  precious  metal  when  they  find  a few 
pieces  of  this  ftone. 

Mr.  Kirwan  obtained  from  one  hundred  parts 
of  colourlefs  mica,  thirty-eight  lilex,  twenty- 

eight 


Earthy  Mixtures.  Horn-blende.  97 

eight  alumine,  twenty  magnefla,  and  fourteen 
oxide  of  iron. 

species  nr. 

Alumine,  Silex,  Magnefla,  Lime,  and  Iron, 

The  mixture  of  thefe  principles  forms  the 
horn  ftone,  or  horn-blende  of  the  Germans. 
This  ftone  has  a clofe  grain,  is  difficultly  pul- 
verized, and  is  flightly  flattened  under  the  ham- 
mer. 

Its  colour  varies,which  is  either  black  orof  a 
greenifh  grey ; and  its  texture  is  in  general  ei- 
ther lamellated  or  ftriated. 

Its  general  characters  are,  partial  folubility 
in  acids  without  effervefcence;  a degree  of 
hardnefs  which  never  amounts  to  that  of  af- 
fording Are  with  the  fleel ; a fpecific  gravity 
never  lefs  than  2.66.  and  frequently  as  high  as 
3.88;  a flrong  earthy  fmell,  which  it  emits 
when  breathed  upon,  or  is  moiflened  with  hot 
water;  a tenacity  under  the  peflle,  &c. — See 
KirWan,  who  diftinguifhes  two  varieties. 


Vo  1,  II. 


H 


V A R I- 


98  Earthy  Mixtures.  Horn-blende, 


variety  1. 

Black  Horn-ftone,  Lapis  Corneus  Nitens 
Wallerii. 

Its  texture  is  either  lamellated  or  grained. 
In  the  firft  cafe  it  is  fometimes  fo  foft  as  to  be 
capable  of  being  fcratched  with  a nail.  Its 
furface  is  frequently  of  a Ihining,  greaXy  ap- 
pearance ; and  its  fpecific  gravity  is  from  3.6 
to  3.88. 

Mr.  Kir  wan  found  that  the  lamellated  fort 
contains  thirty-feven  parts  filex,  twenty-two 
clay,  fixteen  magnefia,  two  lime,  and  twenty- 
three  oxide  of  iron. 

VARIETY  II. 

Ilorn-ftone  of  a Greenifti  Grey  Colour. 

This  variety  is  either  of  a granulated  or  ftriat- 
cd  texture.  Mr.  Kirwan  found  its  fpecific  gra- 
vity to  be  2.683;  it  is  harder  than  the  pre- 
ceding. 

The  pale  greenifh  hone  is  of  this  quality.  Its 
grain  is  clofe  ; it  emits  an  earthy  fmell,  does 
not  effervefce  with  acids,  nor  ftrike  fire  with 
fleel.  It  contains,  according  to  Kirwan,  fixty- 

five 
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five  parts  of  (ilex  in  the  hundred,  and  its  fpe- 
cific  gravity  is  6.664. 

SPECIES  IV. 

Alumine,  Silex,  Carbonate  of  Magnefia,  and 
of  Lime  with  Iron. 

This  fpecies,  which  comprehends  the  (late 
or  fchiftus,  does  not  appear  to  differ  elfential- 
ly  from  the  preceding,  fince  its  principles  are 
the  fame,  and  there  is  no  other  difference  ex- 
cepting what  depends  on  the  ftate  of  the  lime 
and  magnefia  ; which  in  this  laft  effervefces 
(lightly  with  acids,  according  to  Kirwan. 

The  flate  is  an  argillaceous  (tone,  whofe 
principal  character  is  that  of  being  divifible 
into  very  thin  plates,  capable  of  being  wrought, 
and  of  receiving  a certain  polifh. 

The  colour  of  the  flate  is  blue,  of  feveral  de- 
grees of  intenfity ; but  this  colour  varies,  and 
exhibits  the  following  (hades. 

VARIETY  I. 

Blueifh  Purple  Slate. 

This  is  brittle,  and  of  a lamellated  texture; 
does  not  give  fire  with  the  (feel ; its  fpecific 
gravity  is  2 .876 ; it  affords  a very  clear  and 
H 2 (livery 
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filyery  found,  when  divided  into  plates  of  an 
uniform  thicknefs;  it  flightly  effervefces  with 
acids  when  it  is  reduced  into  powder,,  but  not 
elfc. 

It  forms  black  fcoriae  in  a ftrong  fire.  Soda 
affifts  its  fufion,  and  it  is  fufed  flill  more  eafily 
with  the  borate  of  foda. 

From  one  hundred  grains  of  this  flate  Mr. 
Kirvvan  obtained  forty-fix  filex,  twenty-fix 
alumine,  eight  magnefia,  four  carbonate  of 
lime,  and  fourteen  iron. 

^ [ Z'.i  10  tv  > • t ..  i 

VARIETY  II. 

Black  Slate. 

This  receives  a confiderably  fine  polifli  when 
rubbed.  The  powder  which  is  detached  is- 
white,  and  flightly  effervefces  with  acids. 

VARIETY  III. 

Blue  Slate. 

The  blue  flate  contains*  1'efs  iron  than  the 
Bril  variety.  It  is  ufually  hard,  and  of  a very 
fine  grain. 

VARIETY  IV. 

Slate  of  a Pale  White  Colour. 

u ....  . . 

It  is  lefs  martial  than  the  other  varieties, 
and  is  more  difficultly  vitrified. 


Slates 
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Slates  are  ufed  to  form  tablets,  and  to  cover 
the  roofs  of  houfes. 

t . 

SPECIES  V. 

Alumine,  Silex,  Pyrites  or  Sulphure  of  Iron, 

and  Carbonate  of  Lime  and  of  Magnefia. 

The  fchiftus  which  refults  from  this  com- 
bination is  known  by  the  name  of  Pyritous 
Schiftus, 

The  pyrites  are  fometimes  difperfed  in  the 
mafs,  in  the  form  of  cubical  cryftals.  Sometimes 
they  are  difcovered  only  by  analyfis,  or  by  the 
fpontaneous  decompofition  of  the  ftone. 

The  mountains  which  afford  thefe  fchifti 
appear  to  me  to  be  marine  depofitions.  Im- 
predions  of  leaves,  of  fifties,  and  other  charac- 
ters, are  frequently  obferved,  which  leaves  no 
doubt  of  their  origin. 

The  pyrites  foon  efflorefce  when  the  concur- 
rence of  air  and  water  affifts  their  decompofi- 
tion ; and  the  refults  then  are  fulphuric  falts, 
with  bafes  of  magnefia,  alumine,  iron,  and 
Hme.  When  the  fulphate  of  alumine  predo- 
minates, it  is  called  aluminous  fchiftus.  Moft 
of  the  alum  ores  wrought  in  Europe  are  of  this 
nature.  We  have  feveral  in  Provence  which 
might  be  wrought ; the  fchifti  of  Vebron  in 

the 
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the  Gevaudan,  thofe  of  Curvalle  in  the  Albige- 
ois,  afford  much  alum  by  their  decompofition. 

When  the  ltfagnefian  principle  prevails,  the 
efflorefcence  confifts  of  Epfom  fait.  1 have 
difcovered  a mountain  of  this  kind  in  Rouergue, 
in  the  neighbourhood  of  St,  Michael. 

Thefe  efflorefcences  of  alum  or  Epfom  fait  are 
always  more  or  lefs  abundantly  mixed  with  the 
fulphates  of  iron  and  of  lime ; becaufe  the  ful- 
phuric  acid,  which  is  formed  by  the  decompo- 
fition of  the  pyrites,  attacks  and  diffolves  all 
the  principles  contained  in  the  fchiftus. 

The  decompofition  of  thefe  pyrites  may  be 
haftened  by  expofure  to  air,  calcination,  &c, 

SPECIES  VI, 

Alumine,  Silex,  the  Carbonates  of  Lime  and  of 
Magnefia,  the  Sulphure  of  Iron,  and  Bitumen, 

This  fchiftus  does  not  differ  from  the  fore- 
going, excepting  in  confequence  of  its  being 
impregnated  with  bitumen. 

It  is  ufualiy  of  a black  colour,  which  it  owes 
to  its  bituminous  principle.  Its  confidence  is 
various  ; it  is  fometimes  divifible  in  flakes,  and 
its  furface  is  either  fmooth  or  rugged. 

Thefe  are  the  fchifii  which  ufualiy  form  the 
focus  of  volcanos.  When  their  decompofition 

is 
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is  favoured  by  air  or  water,  a prodigious  heat  is 
excited,  hydrogenous  gas  is  produced,  which 
exerts  itfelf  againft  the  furrounding  obftacles, 
and  takes  fire  when  it  comes  in  contad:  with  the 
air.  It  is  this  inteftine  labour  which  occafions 
the  fhocks  and  tremulous  agitations  that  pre- 
cede the  eruptions  of  volcanos.  The  addon  of 
volcanos  muff  be  more  lading  and  terrible,  in 
proportion  as  the  quantity  of  aliment  and  the 
focus  are  the  more  confiderable. 

We  might,  in  ftridmefs,  place  the  pit-coals 
here,  as  they  do  not  differ  from  this  fchifius  but 
in  their  greater  abundance  of  the  bituminous 
principle.  We  daily  obferve  fpontaneous  in- 
flammation to  take  place  in  heaps  of  pyritous 
coal,  and  the  fame  effed:  happens  even  in  the 
midft  of  the  veins  which  are  wrought.  Several 
examples  of  this  may  be  pointed  out  in  the  king- 
dom of  France.  There  even  exifts  at  Cranfac 
in  Rouergue  a true  burning  volcano.  The 
mountain  which  contains  the  coal  is  prodigiouf- 
ly  hot,  and  flames  are  perceived  from  time  to 
time  on  its  fummit,  which  iffue  from  its  bowels. 
All  thefe  phenomena  depend  on  the  fame 
caufe;  and  from  the  fmall  artificial  volcano  of 
Lemery,  to  the  terrible  eruptions  of  Vefuvius, 
there  is  no  other  difference  than  what  confifls 
in  the  magnitude  of  the  caufe. 


When 
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When  the  earthy  and  metallic  principles 
which  form  the  bafis  of  bituminous  fchifti,  are 
ftrongly  heated,  and  almoft  vitrified  by  the  fire 
which  produces  their  decompolition,  they  con- 
ilitute  volcanic  produdts. 

SPECIES  VII. 

Alumine,  Silex,  Lime,  and  Water. 

This  iftone,  which  is  called  Zeolite,  was  un- 
known to  mineralogifts  before  the  celebrated 
Cronftedt  gave  a defcription  of  it. 

It  is  ufually  of  a femi-tranfparent  white ; but 
this  colour  is  fometimes  altered  by  metallic 
mixtures,  and  then  it  affumes  all  kinds  of  tinges. 

The  name  of  Zeolite  has  been  given  to  it  on 
account  of  its  property  of  forming  a jelly  with 
acids.  This  property  has  even  been  confidered 
as  exclufive  and  charadteriftic.  But  Mr.  Swab 
has  very  ju lily  obferved,  in  the  year  1758,  that 
all  zeolites  do  not  poffefs  this  property ; and 
Mr.  Pelletier  has  proved,  in  the  twentieth  vo- 
lume of  the  Journal  de  Phyfique,  that  this 
property  is  not  even  peculiar  to  zeolites. 

The  exiftence  of  zeolites  in  certain  lavas  has 
induced  fome  naturaiifts  to  confider  them  as 
produced  by  the  decompafition  of  volcanic 
earths. 

4 4 


The 


Earihy  Mixtures . Zeolite . 103 

The  mod  beautiful  zeolites  come  to  us  from 
the  iflands  of  Ferroe  near  Iceland.  The  form 
of  this  done  is  condant.  The  radii  which 
compofe  it  diverge  as  it  were  from  a central 
point,  and  are  difpofed  after  the  manner  of  a 
fan.  The  radius  which  terminates  at  the  ex- 
ternal furface,  is  found  to  exhibit  a trihedral  or 
tetrahedral  pyramid. 

The  white  zeolite  affedls  two  principal  forms, 
the  cube,  and  the  tetrahedral  prifm,  fometimes 
flattened,  and  terminated  by  an  obtufe  tetrahe- 
dral pyramid. 

Its  fpecific  gravity  is  from  2.1  to  3.15. 

The  zeolite,  expofed  to  a drong  heat,  dilates, 
and  fwells  more  or  lefs,  according  to  the  pro- 
portion of  water  it  contains,  and  at  length  melts 
into  a porous  fcoria.  Soda  fufes  with  it  with 
effervefcence ; the  borate  of  foda  didblves  it 
more  difficultly  ; and  the  phofphates  of  urine 
have  fcarcely  any  acdion  upon  it. 

Bergmann  obtained  from  one  hundred  parts 
of  the  red  zeolite  of  Adelfort,  83  dlex,  9.5 
alumine,  6,5  pure  lime,  and  4 water. — Let- 
ters on  Iceland,  p.  370. 

The  white  zeolite  of  Ferroe  contains,  ac- 
cording to  Pelletier,  fifty  filex,  twenty  alu- 
mine, eight  lime,  and  twenty- two  water. — 
Journal  de  Phyfique.  t.  xx. 


Meyer 
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Meyer  obtained  from  a radiated  zeolite  58.33 
filex,  17.5  alumine,  6.66  lime,  17. £ water. 

Mr.  Kirwan  rightly  obferves,  that  the  cryf- 
tallized  fpecies  contain  more  water  than  the 
others. 

GENUS  V. 

Siliceous  Mixtures. 

We  fhall  place  in  this  genus  all  the  Hones 
which  give  fire  with  the  Heel. 

species  1. 

Silex,  Alumine,  Lime,  and  Iron  intimately 
combined. 

The  mixture  of  thefe  feveral  earths  forms  the 
precious  Hones  or  gems.  All  the  varieties  of 
gems  depend  on  their  colour,  hardnefs,  brillian- 
cy, weight,  the  proportion  of  their  confiituent 
parts,  and  their  more  or  lefs  intimate  combi- 
nation. 

The  numerous  experiments  of  the  celebrated 
Bergmann  on  precious  Hones  have  thrown  the 
greateH  light  on  their  nature  and  compofition. 
The  analyfes  of  Meflrs.  Gerhard,  Achard,  &c. 
by  exhibiting  a flridt  identity  of  principles, 
have  confirmed  to  us  the  refults  of  the  famous 
SwcdiHichemiH  j and  it  appears  that  no  reafon- 
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able  doubt  can  now  be  formed  againft  thofe 
principles. 

As  gems  or  precious  (tones  are  didinguidied 
in  commerce  by  their  colour,  we  (hall  preferve 
this  edablifhed  didindtion. 

division  1. 

Red  Gems  or  Precious  Stones — the  Ruby, 
Garnet,  &c. 

1.  The  ruby  is  a precious  (tone  of  a fiery 
red  colour,  eledtrical  by  fridtion,  giving  fire 
with  the  (feel,  the  mod  ponderous  and  the 
harded  of  precious  (tones.  It  crydallizes  in 
long  hexahedral  pyramids  applied  bafe  to  bafe, 
without  an  intermed  ate  prifm. 

Its  fpecific  gravity  is  from  3.18  to  4.283.  It 
is  not  vitrified  in  the  fire  without  addition ; and 
even  refids  the  adtion  of  the  burning  mirror. 
Flame  urged  by  vital  air  eafily  fufes  it.  It 
does  not  lofe  its  colour  at  the  degree  of  heat 
which  is  fufhcient  to  melt  iron.  The  borate 
of  foda  and  the  phofphates  of  urine  fufe  it. 

One  hundred  parts  of  ruby  contain,  accord- 
ing to  Bergmann,  forty  alumine,  thirty-nine 
(ilex,  nine  lime,  and  ten  iron. 

The  lapidaries,  with  whom  hardnefs  and 
tranfparency  are  the  principal  charadlers  of 

dones. 
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ftones,  diftinguifh  rubies  of  different  colours; 
and  the  inhabitants  of  Pegu,  who  confider  the 
modifications  of  the  colouring  principle  as  diff 
ferent  degrees  of  maturity,  confound  the  topaz 
and  the  fapphire  under  the  name  of  rubies,  of 
which  they  make  three  varieties. 

The  name  of  Spinelle  ruby,  or  Balais  ruby, 
is  given  to  the  fame  kind  of  (tone,  accordingly 
as  its  colour  is  of  a pale  or  a deep  red.  This 
ruby  cryftallizes  in  oiiahedrons,  and  has  a lefs 
fpecific  gravity  than  the  oriental  ruby, 

2.  The  garnet  is  tranfparent  when  it  is  not 
overloaded  with  iron.  It  is  in  general  obedient 
to  the  magnet,  and  of  a yellowifh  red.  The 
forms  of  the  garnet  appear  to  be  derived  from 
the  rhomboidal  parallelopiped,  terminating  in 
fix  equal  rhombufes. 

They  vary  prodigioufly  in  colour,  and  thefe 
varieties  are— 1.  The  red,  or  the  carbuncle  of 
Theophraftus,  according  to  Hill : it  has  a deep 
red  colour.  2.  The  Syrian  garnet,  of  a deep  red 
Hightly  tinged  with  yellow.  3.  The  violet  gar- 
net, of  a beautiful  red  mixed  with  violet. 

All  the  garnets,  whether  denominated  ori- 
ental or  occidental,  rank  in  one  of  thefe  three 
claffes. 

Garnets  change  in  the  fire  into  an  enamel  of 
a blackifh  red.  They  are  ftrongly  attacked  by 

the 
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the  borate  of  foda,  and  the  phofphates  of 
urine. 

Garnet  is  found  in  fmali  grains  in  fand  (lone 
(gres)  or  in  fchiftus. 

The  texture  of  the  garnet  is  lamellated,  and 
its  fra&ure  vitreous. 

Its  hardnefs  is  inferior  to  that  of  other  gems, 
but  it  exceeds  that  of  rockcryftal. 

Its  fpecific  gravity  is  from  3.6  to  4.188. 

One  hundred  parts  of  garnet  contain,  accord- 
ing to  Mr.  Achard,  48.3  filex,  30  clay,  11,6 
lime,  10  iron. 

They  fometimes  contain  tin,  or  even  lead  ; 
but  this  is  feldom. — Bergmann. 

DIVISION  ir. 

Yellow  Gems  or  Precious  Stones— The  Topaz, 
the  Hyacinth,  &c. 

1.  The  topaz  is  of  a gold  colour.  We  are 
acquainted  with  two  principal  varieties  : the 
occidental  or  Brazilian  topaz,  which  has  the 
beautiful  deep  yellow  colour  of  gold  ; and  the 
oriental,  whofe  colour  is  lighter.  The  Saxon 
topaz  refembles  the  latter. 

The  oriental  topaz  lofes  neither  its  colour 
nor  its  tranfparency  in  the  porcelain  furnace. 
The  Brazilian  topaz  lofes  its  polifh,  its  hard- 
nefs, and  its  tranfparency,  but  without  melting. 

The 
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The  oriental  topaz  affedts  the  odlahedral 
form. 

The  Brazilian  topaz  cryflallizes  in  rhomboi- 
dal  tetrahedral  prifms,  grooved  longitudinally. 
They  are  terminated  by  two  tetrahedral  pyra- 
mids with  fmooth  triangular  faces. 

The  Saxon  topaz  exhibits  long  fubodtahe- 
dral  prifms,  terminated  by  hexahedral  pyramids 
more  or  lefs  truncated  at  their  bafe. 

The  fpecific  gravity  of  the  oriental  topaz  is 
to  that  of  water  as  40,106  to  io,coo;  that  of 
the  Brazilian  topaz  is  as  35,365  to  10,000. — - 
See  Britton. 

The  analytts  of  one  hundred  parts  of  topaz 
afforded  Bergmann  forty-fix  clay,  thirty-nine 
filex,  eight  carbonate  of  lime,  and  fix  iron. 

2.  The  oriental  hyacinth  is  of  a reddifh  yel- 
low colour. 

It  is  ufually  cryttallized  in  the  form  of  a 
redlangular  tetrahedral  prifm,  terminated  by 
two  quadrangular  pyramids  with  rhombic  faces. 

It  lofes  the  brilliancy  of  its  colours  by  the 
fire.  Mr.  Mongez  confiders  it  as  infufible  by 
the  blow-pipe.  Mr.  Achard  affirms  that  he 
fufed  it  in  a wind  furnace. 

One  hundred  parts  afforded  Bergmann  forty 
alumine,  twenty-five  fiiex,  twenty  carbonate  of 
lime,  and  thirteen  iron.  That  of  which  Mr. 

Achard 
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Achard  has  given  theanalyfis,  contained  41. 33 
alumine,  21.66  filex,  20  carbonate  of  lime, 
13.33  iron. 

Hyacinths  are  found  in  Poland,  in  Bohemia, 
in  Saxony,  Velay,  &c. 

The  hyacinth,  rendered  white  by  fire,  is 
known  by  the  name  of  Jargon.  According  to 
Mr.  Lavoifier,  the  hyacinth  of  Puy  in  Velay 
becomes  white  in  fire  urged  by  vital  air. 

Its  fpecific  gravity,  compared  with  that  of 
water,  is  as  36,873  to  10,000. — See  BrifTon. 

DIVISION  III. 

Green  Gems — the  Emerald,  Chrysolite, 
Beryl,  &c. 

1 . The  Peruvian  emerald  is  of  a green  colour, 
ele&rical  by  friction,  and  cryftallized  in  hexa- 
hedral  prifms,  truncated  flat  at  each  extremity. 

The  jafpers,  or  green  fchorles,  which  are 
called  prafe  or  mother  of  emerald,  have  often 
been  confounded  with  the  emerald. 

Cryftals  of  emeralds  are  frequently  found  in- 
ferted  in  the  gangues  of  quartz,  and  even  of 
fpar. 

According  to  Mr.  Sage,  themore  tranfparent 
emeralds  are,  the  lefs  their  colour  is  changed  in 
the  fire.  They  become  opake,  and  of  a greerufli 

white. 
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white.  There  are  fome  which  are  reduced  to 
enamel  at  their  furface* 

Mr*  Darcet  affirms,  that  in  his  experiments 
the  emerald  loft  its  tranfparency*  and  moft  of  its 
colour,  but  that  its  form  was  not  changed.  In 
the  experiments  at  Vienna  in  Auftria,  the  eme- 
rald melted  in  twenty-four  hours  ; and  at  Flo- 
rence it  was  fpeedily  fufed  by  the  burning  mirror. 
Mr.  De  Saulfu re  fufed  it  by  the  blow-pipe  into 
a compact  greyglafs  ; and  Mr.  Lavoifier,  with 
a ftream  of  vital  air,  fufed  it  into  an  opake 
milky  bubble,  whofe  internal  part  was  greenifh. 

Its  fpecific  gravity,  compared  with  that  of 
water,  is  in  the  proportion  of  27,755  to  10,000. 

One  hundred  parts  afforded  Bergmann  fixty 
alumine,  twenty-four  lilex,  eight  lime,  fix  iron* 

Achard  obtained  60  alumine,  21.26  filex, 
8.33  lime,  and  5 iron. 

The  emeralds  which  come  from  America 
are  called  occidental.  Peru  and  the  Brazils 
afford  the  moft  beautiful  : tf\ey  may  be  diftim- 
guifhed  by  the  colour ; that  of  Peru  is  of  a 
fatin  colour  or  appearance  ; the  colour  of  the 
Brazilian  is  lefts  lively. 

The  emerald  is  the  ftofteft  of  gems,  and  may 
be  ftcratched  by  the  topaz,  -the  ftapphire,  &c. 

2.  The  chryftolite  or  peridot  is  of  a green 
colour,  (lightly  inclining  to  yellow'. 

Its 
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Its  form  is  that  of  a hexahedral  pyramid 
with  unequal  Tides,  frequently  ftriated,  and  ter- 
minating in  two  hexahedral  pyramids. 

Mr.  Sage  affirms  that  this  ftone  fuffers  no  al- 
teration in  the  mod  violent  heat,  its  colour  not 
being  fo  much  as  altered  : and  the  fame  che- 
mift  pretends  that  Wallerius  did  not  operate 
on  a true  chryfolite,  becaufe  he  affirms  that  it 
loft  its  colour.  Meffirs.  Lavoifier  and  Erhmann 
fufed  it  into  a white,  dirty,  dull-coloured  glafs, 
by  the  affiffiance  of  vital  air. 

The  fpecific  gravity  of  the  Brazilian  chryfo- 
lite is  in  proportion  to  that  of  water  as  26,923 
to  10,000. — Briffion, 

Maffies  of  granulated  chryfolite  of  various 
fhades  of  green  colour  are  found  in  the  prifma- 
tic  bafaltes,  and  in  feveral  other  volcanic  pro- 
duces. 

Thefe  chryfolites  are  common  in  the  volca- 
nos of  our  province.  Mr.  Sage  received  from 
Auvergne  an  hexagonal  prifm  fix  inches  in 
diameter,  formed  by  the  union  of  chryfolites 
of  different  colours. 

3.  The  beryl,  or  aqua  marina,  is  of  a very 
blueifh  green. 

The  Saxon  beryl,  as  well  as  that  of  Siberia, 
fent  to  Mr.  Sage  by  Mr.  Pallas,  exhibits  hexa- 

Vql.  IT.  I hedral. 
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hedral,  flriated,  truncated  prifms,  of  a lamel- 
lated  texture. 

The  pure  beryl  decrepitates  in  the  fire,  lofes 
its  tranfparence,  and  is  fufible  by  the  blow-pipe. 

Its  fpecific  gravity,  in  proportion  to  water, 
is  as  35,489  to  10,000,  for  the  oriental  aqua 
marina;  and  27,227  to  10,000  for  the  occi- 
dental.— Briflbn. 

A blue  aqua  marina,  in  long,  flattened,  te- 
trahedral prifms,  grooved  longitudinally,  and 
united  fideways,  is  found  among  the  granites 
of  Spain,  and  on  the  declivity  of  Saint  Sympho- 
rien,  near  Lyon.  This  ftonc  is  very  common 
at  Baltimore  in  America. 

DIVISION.  IV. 

* 

Blue  Gems — Sapphire. 

The  colour  of  the  fapphire  is  a fky  blue. 
The  fapphires  of  the  brook  d’Expailly  have  a 
green  tinge,  and  change  in  the  fire  in  the  fame 
manner  as  thofe  of  the  Brazils ; whereas  the 
oriental  fapphire  is  not  changed  in  our  ordinary 
furnaces.  Mr.  Erhmann  caufed  the  clear  ori- 
ental fapphire,  and  of  a perfect  blue,  to  run 
into  an  opake  white  globule  bv  fire  excited  by 
the  ftream  of  oxigene. 


The 
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The  experiments  of  Meffrs.  Achard,  Sage, 
D’Arcet,  Erhmann,  Lavoifier,  Geyx,  Quift, 
&c.  exhibit  a variety  of  refults  in  the  analyfes 
of  gems  by  fire,  which  can  be  attributed  only 
to  the  manner  in  which  they  applied  it ; and 
more  efpecially  to  the  very  variable  nature  of 
the  (tones  upon  which  they  made  their  experi- 
ments. 

The  oriental  fapphire,  and  that  of  Puy,  have 
the  form  of  two  very  long  hexahedral  pyramids 
joined  and  oppofed  bafe  to  bafe,  without  an 
intermediate  prifm.  Mr.  Sage  faw  a fapphire 
in  a rhomboidal  cube,  or  fix-fided  figure. 

The  fapphire  analyfed  by  Bergmann  afford- 
ed him,  per  quintal,  58  parts  alumine,  35  {ilex, 
5 lime,  and  2 iron. 

Mr.  Achard  obtained  from  his  analyfis 

58.33  alumine,  33.33  filex,  6.66  lime,  and 

3.33  iron. 

The  fpecific  gravity  of  the  fapphire  of  Puy 
is  in  proportion  to  water  as  40,769  to  10,000  ; 
that  of  the  white  oriental  fapphire  is  as  39*9 1 1 ; 
and  that  of  the  Brazilian  fapphire  is  as  31,307. 
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SPECIES  II. 

Silex,  fometimes  pure,  but  oftener  mixed  with 

a very  final!  quantity  of  Alumine,  Lime,  and 

Iron. 

This  fpecies  effcntially  comprehends  quartz 
and  rock  cryftal. 

The  name  of  Quartz  is  given  to  the  opake, 
or  irregularly-figured  vitrifiable.ftone;  and  that 
of  Rock  Cryftal  to  the  fame  ftone  cryftallized. 
As  the  principles  are  nearly  the  fame,  this  cir~ 
cumftance  naturally  eftablifties  a divifton  oi 
thefe  ftones  into  two  claftes. 

DIVISION  I. 

Rock  Cryftal. 

Rock  cryftal  is  a ftone  which  exhibits  filex 
in  a ftate  more  nearly  approaching  to  purity 
than  in  any'other  natural fubftance yet  obfervcd. 
Mr.  Gerhard  has  even  found  fpecimens  perfect- 
ly pure  ; but  one  hundred  parts  of  cryftal,  ftridt- 
ly  analyfed  by  Bergmann,  afforded  him  ninety- 
three  parts  of  filex,  fix  alumine,  and  one  lime. 

The  ordinary  form  of  rock  cryftal  is  that  of 
an  hexahedral  prifm,  terminated  by  pyramids 
2 of 
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of  an  equal  number  of  fides.  The  varieties  of 
the  feveral  cryftals  may  be  reduced  to  this  geo- 
metrical form. — Confult  Rome  de  Lifle. 

Quartz  cryftallizes  likewife  in  cubes.  This 
form  exifts  in  various  fpecimens  in  the  cabinets 
of  Germany  ; and  Mr.  Macquart  brought  a 
fpecimen  with  him  to  France. 

The  formation  of  this  cryftal  appears  to  be 
owing  to  water,  for  we  often  find  this  fluid  in 
the  internal  part  of  cryftals  ; and  they  are  evi- 
dently formed  in  the  clefts  and  cavities  of  the 
primitive  rocks,  by  the  concurrence  of  this 
agent.  But  hitherto  we  have  acquired  very 
little  knowledge  refpeding  the  circumftances 
of  this  operation. 

Bergmann  obtained  rock  cryftals  by  diffolv- 
ing  filex  in  the  fluoric  acid,  and  differing  it 
to  evaporate  flowly,  I left  on  the  tables  of  my 
cabinet  of  mineralogy  a receiver  and  a retort, 
in  which  I had  made  the  acid  of  fluor;  and 
when  I had  occafion,  two  years  afterwards,  to 
infped  this  apparatus,  I found  the  receiver  al- 
moft  entirely  corroded,  and  its  interior  furfiTce 
lined  with  a fubtle  powder,  in  which  thoufands 
of  rock  cryftals  might  be  difeerned. 

Mr.  Achard  informed  the  public  that  he  had 
obtained  rock  cryftals  by  cauling  water  im- 
pregnated with  carbonic  acid  to  filtrate  through 
* cla  y. 
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clay.  Mr.  Magellan  even  prefented  thefe  cryf- 
tals to  the  Academy  at  Paris  ; but  the  experi- 
ment, though  repeated  with  the  greatcft  care 
by  feveral  chemifts  of  the  capital,  was  not  at- 
tended with  the  fame  refults. 

Since  that  epocha,  Mr.  De  Morveau,  having 
inclofed  rock  cryftals  with  a bar  of  iron  in  a 
bottle  filled  with  gafeous  water,  perceived  a 
vitreous  point  fixed  to  the  iron,  which  he  fup- 
pofed  to  be  a rock  cryftal  formed  by  this  ope- 
ration ; fo  that  he  confiders  iron  as  a neceffary 
intermedium  to  enable  the  carbonic  acid  to 
difTolve  quartz.  This  confequence  of  M.  Dc 
Morveau  appears  to  agree  with  many  facts 
which  have  been  collected  concerning  the  for- 
mation of  rock  cryftal.  We  fee  it  formed  in 
ochreous  earths ; and  I have  ochres  in  my  col- 
lection which  poffefs  many  of  thefe  fmall  two- 
pointed  cryftals. 

It  appears  to  me  that  it  is  not  neceffary  to 
feek  for  a folvent  for  filex,  in  order  to  explain 
the  formation  of  rock  cryftal.  The  fimple  di- 
vifion  of  this  earth  appears  to  me  to  be  fuffi- 
cient  for  the  purpofe ; and  I could  bring  nu- 
merous fadts  to  fupport  this  alfertion. — See  the 
article  Cryftallization. 

It  is  proved  by  the  obfeavations  and  experi- 
ments of  Mr.  Genffane,  that  a quartzofe  gurh 

is 


Earl  by  Mixtures.  Cryjials . 119 

is  formed  by  fimple  tranfudation  upon  rocks 
of  this  nature ; and  the  fame  naturalift  has 
taken  notice  that,  when  the  gurh  is  worn  and 
depofited  by  water,  rock-cryftals  are  formed. 
The  waters  which  work  their  way  through  the 
quartzofe  rocks  of  the  mine  of  Chamillat,  near 
Planche  ies  Mines  in  Franche-comte,  form 
quartzofe  ftaladites  to  the  roof  of  the  works, and 
even  upon  wood.  The  extremities  of  thefe  fta- 
ladlites which  have  not  yet  aifumed  a folid  con- 
ftftence,  are  of  a granulated  and  cryftallinefub- 
ftance,  eafily  crufhed  between  the  fingers. 

In  thefe  cavities,  called  craques  by  the  miners, 
a fluid  gurh  is  often  found,  and  ftill  oftener 
cryftals  ready  formed.  I have  feen  at  Saint 
Sauveur,  in  the  work  of  La  Boifiiere,  near 
Bramebiaou,  feveral  incruftations  of  gurh  on 
the  ftdes  of  the  gallery  ; and  thefe  fpreading 
incruftations  were  terminated  by  well  formed 
cryftals,  wherever  the  wall  overhung,  or  devi- 
ated from  the  perpendicular.  This  gurh,  when 
handled,  and  minutely  examined,  had  no  other 
appearance  than  that  of  a filiceous  pafte  of  con- 
liderable  purity. 

The  fame  effeds  appear  to  take  place  with 
regard  to  rock  cryftals,  as  with  the  calcareous 
fpars.  They  are  formed  whenever  their  prin- 
ciples, in  a ftate  of  extreme  divifton  and  atte- 
nuation, 
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nuation,  are  fufpended  by  water,  and  depoftted 
with  all  thecircumftances  whichnature  requires 
in  order  that  cryftallization  may  take  place.  I 
do  not  even  think  that  it  is  neceflary  to  recur 
to  the  property  which  wafer  poifteftesof  fenftbly 
dilTolving  ftlex,  to  explain  the  formation  of 
thefe  cry  dais ; and  we  fhall  refer  the  formation 
of  quartzofe  ftaladtites,  agates.  Sec.  to  the  fame 
caufe. 

Rock  cryftal  is  frequently  coloured  by  iron, 
in  which  cafe  itaflumes  peculiar  (hades,  which 
have  been  denoted  under  different  names.  We 
fhall  place  them  here  as  (imple  varieties. 

V 

VARIETY  I, 

Red  Cryftal — False  Ruby. 

It  is  frequently  mixed  with  different  (hades. 
Its  colour  is  deftroyed  by  fire,  according  to 
Mr.  D'Arcet.  It  is  found  in  Barbary,  in  Sile— 
fia,  in  Bohemia,  Sec. 

When  it  is  of  a dull  red,  it  is  called  the 
Hyacinth  of  Compoftella. 

] < •'  1 .1  • vr  **  .4  ■ • *2  U.-  -•  - 

VARIETY  II. 

Yellow  Cryftal — Bohemian  Topaz. 

It  has  fometimes  a tinge  inclining  to  yellow  ; 

its 
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us  colour  is  often  internal  only.  It  is  found 
in  Velav,  near  Briftol  in  England,  &c. 

VARIETY  III. 

Brown  Cryftal-—  Smoky  Topaz. 

This  brown  tinge  varies  from  a light  brown 
to  a deep  black.  It  is  affirmed  that  they  may 
be  rendered  clear  by  boiling  them  in  tallow. 
See  Journal  de  Phyfique,  t.  vii.  p.  360. 

It  is  found  in  Switzerland,  in  Bohemia,  in 
Dauphiny,  &c. 

VARIETY  IV. 

Green  Cryftal — False  Emerald. 

This  is  the  mod  fcarceand  the  mod  precious 
of  coloured  cryftals.  It  is  found  in  Saxony 
and  Dauphiny, 

VARIETY  V. 

Blue  Cryftal — Water  Sapphire. 

It  does  not  appear  to  differ  from  the  true 
fapphire,  excepting  in  being  lefs  hard.  I have 
feen  a fpecimen  which  had  this  colour.  It  is 
found  in  Bohemia,  in  Silefia,  and  at  Puy  in 

Valay, 
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Valay,  which  has  caufed  it  to  be  called  the 
Sapphire  of  Puy. 


VARIETY  VI. 

\ 

Violet  Cryflal — the  Amethist. 

Its  colour  is  more  or  lefs  deep  ; and  it  af- 
fumes  a confiderable  brilliancy  by  poiifhmg. 
When  the  cryflal  is  only  half  coloured,  it  is 
called  Prime  d' Amethijle.  It  lofes  its  colour  by 
a flrong  fire,  according  to  Mr.  D’Arcet.  This 
cryflal  is  found  of  fufficient  magnitude  to  form 
columns  of  more  than  one  foot  in  height,  and 
feveral  inches  in  diameter. 

DIVISION  II. 

Quartz, 

Thofe  fpecimens  of  filiceous  flone  in  which 
no  regular  form  appears,  and  which  we  here 
comprehend  under  the  name  of  Quartz,  pofTefs 
various  degrees  of  tranfparency. 

Its  colour  differs  prodigioufly ; and  it  may 
be  diflingui filed  into  varieties  and  fhades  per- 
haps more  numerous  than  in  rock  cryflal  itfelf. 

It  feldom  forms  entire  mountains,  but  almoft 
always  interfedls,  by  means  more  or  lefs  wide, 
the  mountains  of  primitive  fchiftus.  At  all 

events. 
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events,  I have  made  this  obfervation  in  every 
mountain  of  this  kind  which  I have  examined. 

The  blocks  of  quartz,  detached  by  waters, 
are  rolled,  rounded,  and  depofited  in  the  form 
of  large  ftones  on  the  banks  of  rivers.  The 
fame  ftones,  more  attenuated,  form  the  quartz- 
ofe  pebbles ; and  thefe,  (till  more  divided, 
produce  fand. 

The  Hone  is  very  refra&ory.  It  is  ufed  as 
the  balls  of  bricks  employed  in  the  conduc- 
tion of  glafs  furnaces.  For  this  purpofe  it  is 
calcined  to  whitenefs,  and  in  that  ftate  thrown 
into  water.  By  this  means  it  may  be  eafily 
reduced  to  powder,  and  difpofed  to  form  a 
combination  with  clay. 

Quartz,  well  pounded,  and  ufed  in  the  com- 
bination of  bricks,  does  not  equally  refi ft  the 
impreffion  of  fire,  if  the  precaution  of  cal- 
cining it,  and  extinguifhing  it  in  water,  has 
not  been  taken.  I have  obtained  a proof  of 
this  fact,  by  employing  the  fame  kind  of 
quartz  in  both  ways. 

This  fand  forms  an  excellent  mortar  with 
good  lime  ; and,  when  fufed  with  alkalis,  it 
produces  a very  beautiful  glafs. 


SPE- 
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SPECIES  III. 

Silex,  Alumine,  Lime,  and  Iron,  intimately 
mixed. 

The  flateof  fmenefs  in  the  conftituent  prin- 
ciples, and  their  more  or  lefs  intimate  mixture 
or  amalgamation,  appear  to  us  to  eftablifh  two 
divifions  among  the  flones  of  this  fpecies.  We 
fhali  accordingly  diflinguifh  them  into  coarfer 
flints  and  finer  flints.  The  firft  form  gun 
flints,  petrofilex.  See.;  the  fecond  comprehend 
agates,  calcedonies,  &c. 

division  x, 

The  Coarfer  Flints. 

In  this  place  we  fhali  arrange  two  ftones 
which  appear  to  differ  only  by  a more  or  lefs 
evident  degree  of  tranfparency.  The  filex,  or 
flint  properly  fo  called,  is  femi-tranfparent, 
when  very  thin,  as  for  example,  at  its  edges: 
the  petrofilex  has  a more  opake  colour. 

i . Gun  Flint. — The  gun  flint  gives  fire  with 
fteel  : its  colour  is  ufuaily  brown  ; and  its  fur- 
face  very  frequently  exhibits  a whiter  colour 
than  the  middle,  and  lefs  hard  than  the  nucleus 
of  the  flone.  This  external  part  flicks  to  the 

tongue* 
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tongue,  and  indicates  a commencement  of  dc- 
compofition. 

The  abbe  Bacheley  has  alferted  that  marine 
productions,  fuch  as  polipiers,  fhells,  &c.  are 
capable  of  palling  to  the  ftate  of  gun  flint. 
— — Journal  de  Phyfique,  Supplement,  1782, 
t.  xxv. 

The  fpecific  gravity  of  gun  flint  is  from  2.65" 
to  2.7.  This  ftone  does  not  melt  in  the  fire  ; 
but  it  becomes  white  and  brittle  by  repeated 
calcinations. 

The  common  brown  filex  afforded  by  ana- 
lyfis  to  Mr.  Wiegleb,  per  quintal,  eighty  filex, 
eighteen  alumine,  and  two  iron. 

2.  Petrofilex. — The  colour  of  petrofilex  is  a 
deep  blue,  or  a yellowifh  grey.  It  is  interfperfed 
in  veins  through  rocks  ; and  from  this  circum- 
ftance  it  derives  its  name. 

Its  fpecific  gravity  is  from  2.59  to  2.7. 

It  becomes  white  in  the  fire  like  gun  flint; 
but  it  is  more  fufibie,  for  it  flows  without  addi- 
tion. Soda  does  not  totally  dilfoive  it  in  the  dry 
way;  but  the  borate  of  foda,  and  the  phofphates 
of  urine,  dilfoive  it  without  effervefcence. 

Mr.  Kirwan  obtained  from  a petrofilex,  ufed 
in  the  manufacture  of  porcelain  by  Mr.  Lau- 
raguais,  feventy-two  parts  filex,  twenty-two 
alumine,  and  fix  lime,  in  the  quintal. 

pi  VI- 
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DIVISION  IU 

The  Finer  Flints* 

This  divifion  exhibits  feveral  (tones,  which, 
though  diftinguifhed  by  names  and  a different 
value,  are  neverthelefs  only  varieties  of  each 
other.  We  (hall  content  ourfelves  with  enu- 
merating the  chief, 

i.  Agate. — This  is  a femi-tranfparent  (ilex 
of  a very  fine  body.  Its  texture  is  vitreous  ; 
and  its  hardnefs  fuch  that  it  refifts  the  file,  gives 
fire  with  the  ft  e-el,  and  takes  the  mod  beautiful 
polifh. 

The  agate,  when  expofed  to  the  fire,  lofes  its 
colour,  becomes  opake,  and  does  not  melt. 

The  varieties  of  agates  are  infinite.  They 
are  founded  on  the  colour  ; and  they  are  dif- 
tinguifhed into  clouded,  pundhiated,  fpotted, 
irifed,  herborized,  mofiy,  &c.  See  Daubenton. 
— The  name  of  Onyx  is  given  to  that  kind  of 
agate  which  is  formed  by  concentric  bands. 
Mr.  Daubenton  has  proved  that  the  agate 
which  has  received  the  name  of  mofiy,  is  really 
coloured  by  fmall  mofiy  vegetations. 

The  pureft  agate  is  white,  tranfpareftt,  and' 
nebulous.  Such  is  the  oriental  agate,  which 

befides 
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belldes  appears  as  if  it  had  protuberances  or 
knobs  on  its  furfaces. 

Its  fpecific  gravity  is  2.64.  I confider  the 
agates,  and  theother  flints  concerning  which  we 
fhall  proceed  to  treat,  as  quartzofe  flaladlites. 
The  fides  of  geodes  which  are  agatized,  and  the 
flrata  of  thofe  flints  which  are  found  in  places 
where  infiltrations  produce  rock  cry  ftals,  appear 
tomeconcluflveinfavourof this  dodtrine.  The 
agates  have  the  fame  relation  to  quartz  as  the 
alabaflers  to  calcareous  flones,  and  the  theory 
of  their  formation  is  the  fame.  Mr.  Dorthes 
has  exhibited  many  proofs  of  this  theory,  re- 
fpedting  the  formation  of  thcfe  fiiones. 

2.  The  Opal. — The  femi-tranfparent  agate 
of  a milky  whitenefs,  which  exhibits  a gl  ittering, 
changeable,  internal  colour  of  a blue,  red,  and 
green  tinge,  is  known  by  the  name  of  Opal. 
That  which  comes  from  Hungary  has  a kind  of 
greyifh  clay  for  its  gangue.  The  moft  beautiful 
opal  is  the  oriental  opal ; fometimes  called  the 
fpangled  opal,  becaufe  its  colours  appear  like 
equal  fpots  diftributed  over  its  whole  furface, 
Thefe  opals  have  received  various  names,  ac- 
cording to  the  colours  they  refie6t. 

The  chatoyant  flones,  or  fuch  as  vary  their 
colour  according  to  the  pofition  of  the  light, 

and 
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and  the  eye  of  the  obferver  arc  varieties  of  the 
opal.  Such  are  the  girafol,  the  cat’s  eye*  the 
lifh’s  eye. 

The  reflected  rays  of  the  girafol  are  weak, 
blueifh,  and  mixed  with  an  orange  yellow. 
This  (lone  has  been  found  in  the  lead  mines  of 
Chatelaudren  in  Brittany.  The  mod  obvious 
character  of  the  girafol  is,  that  it  exhibits  in 
its  internal  part  a luminous  point ; and  reflects 
the  rays  of  light  in  whatever  pofition  it  may  be 
turned,  when  it  is  cut  into  a globe  or  hemi— 
fphere* 

The  cat’s  eye  has  a point  near  the  middle* 
from  which  proceed,  in  a circle,  greenifh  traces 
of  a very  lively  colour.  The  mod  beautiful 
{tones  of  this  kind  are  of  a grey  and  mortdore 
colour.  They  come  from  Egypt  and  Arabia. 

The  bib’s  eye  does  not  differ  from  the  cat’s 
eye  excepting  in  its  colour,  which  is  blueifh : 
it  is  found  at  Java. 

3.  Calcedony. — The  calcedony  is  a femi- 
tranfparent  agate  of  a milky  whitenefs,  differing 
from  the  foregoing  in  not  poffeffmg  the  cha- 
toyant property,  or  changeablenefs  of  colour. 

It  has  been  found  in  the  mines  of  Cornwall, 
in  balacdites  of  fingular  elegance.  Thefe  cal- 
cedonies  are  almoh  always  covered  with  protu- 
berances 
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berances  like  the  ftalagmites.  The  protube- 
rances appear  to  be  formed  by  the  fucceffive 
apportion  of  feveral  flrata  or  coatings. 

In  Monte  Berico,  in  the  territory  of  Vicenza, 
geodes  of  calcedony  are  found  which  inclofe- 
water.  They  are  called  Enhydria. 

I poilefs,  in  the  Mineralogical  Cabinet  of  the 
province,  calcedo.nies  of  Auvergne,  which  ap- 
pear to  be  cryftallized  like  rock-cry ltal.  The 
cryftals  have  all  the  fat  and  undtuous  appearance 
of  the  fame  balls  which  are  difperfed  on  the 
rock  ; but,  when  they  are  broke,  it  is  feen  that 
the  appearance  arofe  from  a covering  of  calce- 
dony over  the  cryftal  ot  quartz. 

Mr.  Bindheim  analvfed  calcedony,  and  found, 
in  the  centenary,  83.3  filex,  11  lime,  1.6  alu- 
mine,  and  a fmall  quantity  of  iron. — Schrift. 
Natur.  For.  Freu.  t.  iii.  p.  429. 

Mr.  Darcet  did  not  fucceed  in  fufing  calce- 
dony,  but  it  loll  its  colour. 

Calcedony  has  often  a fhade  of  blue,  yellow, 
or  red. 

Mr.  De  Carozy  and  Mr.  Macquart  ob- 
ferved  in  Poland  the  transformation  of  gyp- 
fum  to  the  (late  of  calcedony. — See  the  Eflai 
de  Mineralogie  par  M.  Macquart,  premier  me- 
moire. 

4.  Cacholong.  The  white  and  opake  calce- 

Vol.  II.  K dony 
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dony  is  known  by  the  name  of  Cacholong.  Its 
v texture  refembles  that  of  quartz,  and  it  be- 
comes white  in  the  fire.  This  (tone  is  capable 
of  a fine  polifh.  It  is  found  on?  the  banks  of  a* 
river  named  Cach,  near  the  Kalmouks  of  Bu- 
charia,  in  whofe  language  the  word  ch&long  fig- 
nifies  (tone. 

An  imaginary  value  has  been  given  to  a mo- 
dification of  the  cacholong,  which  has  the  pro- 
perty of  becoming  tranfparent  after  having 
been  plunged  in  water.  This  is  called  Hydro- 
phanes.  Lapis  Mutabilis,  Oculus  Mundi.  Mr.- 
Dantfc  brought  hydrophanes  to  Paris,  which 
became  tranfparent  when  plunged  in  water. 

Mr.  Gerhard,  on  the  28th  of  Augufi:  1777,- 
read  to  the  Academy  of  Berlin,  Obfervations  on 
the  Hydrophanes.  He  found  that  this  ftone 
contained  two-thirds  of  clay,  and  one-third  of 
filex.  This  celebrated  naturalifc  affirms  that 
the  hydrophanes  was  known  to  Boyle,  who  faw 
one  of  them  about  the  fize  of  a pea  fold  in 
London  for  two  hundred  pounds  fterling. 

The  hydrophanes  is  fufible  in  the  fire.  Soda 
diffolves  it  with  effervefcence ; the  borate  of 
foda,  and  the  phofphates  of  urine,  without  ef- 
fervefcence. 

5.  Carneiian.  Sardonyx.  The  carnelian  is  a 
fpecies  of  agate,  nearly  tranfparent.  It  is  called 

Car- 
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Carneole  when  it  has  the  colour  of  flefh.  Its 
hardnefs  varies  prodigioufly.  Thofe  which  are 
white  or  yellowifh  are  not  fufficiently  hard  to 
give  fire  with  the  Heel.  When  ignited  it  lofes 
its  colour,  and  becomes  opake.  The  moft 
beautiful  fpecimens  refemble  the  garnet.  Its 
ipecific  gravity  is  from  2.6  to  2.7. 

The  fardonyx  is  afemi-tranfparent  filex,  of  an 
orange  colour,  more  or  lefs  deep.  It  is  knobbed 
like  the  calcedony  ; and  poiTefTes  the  hardnefs 
and  fpecific  gravity  of  that  Hone.  Its  habitude 
in  the  fire  refembles  that  of  the  agate.  In  the 
Royal  Wardrobe  of  France  there  are  veffels  of 
fardonyx  of  an  aftonifhing  magnitude  and 
beauty.  The  famous  murrhine  vafes  were  of 
fardonyx.  Sage,  t.  ii.  p.  163. 

SPECIES  IV. 

Silex,  Alumine,  and  Iron. 

Jafper  is  one  of  the  hardeit  Hones  vre  are 
acquainted  with.  It  is  fufceptible  of  the  fined: 
polifh ; and  its  colour  varies  prodigioufly, 
which  has  occalioned  it  to  receive  the  names 
of  Sanguine  Jafper,  Green  Jafper,  Flowered 
Jafper.  &c. 

Mr.  Wedgwood  allured  Mr.  Kirwan  that 
jafper  hardens  in  the  fire  without  melting;  and 
K 2 Mr. 
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Mr.  Lavoifier  could  not  obtain  a perfect  fufion 
by  the  afliftance  of  oxigenous  gas.  The  fur- 
face  only  becomes  vitreous. 

Mr.  Gerhard  afferts  that  fome  fpecies  are 
fufible;  and  Mr.  Kirvvan  attributes  this  pro- 
perty to  the  mixture  of  lime  and  iron  which 
produces  the  fufion. 

Its  exceflive  hardnefs  has  induced  the  favages 
of  Canada  to  avail  themfelves  of  it  in  the  fabri- 
cation of  the  heads  of  javelins. 

Mr.  Dorthes  has  found,  among  the  worn 
Tones  of  the  Mediterranean  fhore,  javelin-heads 
of  porphyry,  jafper,  horn-Tone,  fchorl,  vario- 
lite,  &c.  probably  fabricated  by  the  ancient  in- 
habitants, the  Gauls. 

Thefe  javelin-heads  are  commonly  known 
by  the  name  of  Thunder- Tones,  and  are  diTin- 
gu iTred  by  lithologiTs  by  the  name  of  Cerau- 

nites. 

species  v. 

Silex,  Alumine,  Lime  with  a fmall  portion  of 
Magnefia,  and  Iron. 

This  fpecies  comprehends  all  the  fchorls,  and 
mod  of  the  volcanic  products.  As  the  tourma- 
line is  evidently  nothing  more  than  a variety  of 
the  fchorl,  we  fliall  place  it  here,  though  ana- 

lylis 


t 


Earthy  Mixtures*  Tourmaline . 133 

lyfis  has  not  difcovered  an  atom  of  magnefia  in 
it,  and  the  nature  of  its  principles  confounds  it 
with  precious  ftones.  Moreover,  by  placing  it 
between  thefe  and  the  fchorls,  it  polTefles  a 
fituation  affigned  to  it  as  well  by  its  natural 
characters  as  by  its  conftituent  principles. 

I.  The  Tourmaline. — This  tone  pofTefTes 
the  tranfparency  of  the  fchorl.  Its  appearance 
and  fracture  are  vitreous,  its  texture  lamellated, 
its  hardnefs  fo  confiderabie  as  to  cut  glafs. 
When  heated  to  the  two-hundredth  degree  of 
Fahrenheit,  it  becomes  electrical  : a ftronger 
fire  deprives  it  of  this  property.  It  is  fufible 
by  the  blow-pipe,  with  ebullition;  the  pure 
tourmaline  was  melted  into  a black  glafs,  in 
the  experiments  of  Mr.  Lavoifier. 

Tourmalines  have  been  found  in  the  ifiand 
- . . ’■»  * 
of  Ceylon,  in  Tyrol,  and  in  Spain. 

Its  form  is  that  of  a nind-lided  prifm,  termi- 
nated by  two  flat  trihedral  pyramids.  Mr.  De 
Joubert  poffefles  one  whofe  prifm  is  feven 
inches  and  a half  long,  and  eleven  inches  in 
circumference.  1 ? ' : 

The  prifmatic  tourmaline  has  no  electric  ef- 
fect but  according  to  the  direction  of  its  co- 
lumn; thefphere  of  activity  of  the  Spanifh  tour- 
maline is  more  extenfive  than  that  of  Tyrol. 

The  valuable  refearches  of  Bergmann  upon 

this 
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this  flone  may  be  confulted  in  his  difiertation 
concerning  its  analyfis.  Mr.  Tofam  has  an- 
nexed a fet  of  interefting  notes  to  his  tranfiation 
of  this  work. 

The  refults  of  Bergmann’s  analyfis  exhibit 
its  component  parts  in  the  following  proportion; 

1.  The  tourmaline  of  Tyrol  contains  alu- 
mine  forty. two,  filex  forty,  lime  twelve,  iron 
fix. 

2.  The  tourmaline  of  Ceylon,  alumine  thir- 
ty-nine, filex  thirty- feven,  lime  fifteen,  iron 
nine. 

3.  The  tourmaline  of  Brazil,  alumine  fifty, 
filex  thirty-four,  lime  eleven,  iron  five. 

The  fpecific  gravity  of  the  tourmaline  of  Cey- 
lon is  30,541,  that  of  Spain  and  of  Tyrol  is 
30,863,  water  being  10,000. — See  Brifibn. 

II.  Schorl.  The  difbindb  properties  of  fchorl 
are,  an  appearance  of  femi-vitrification,  fufibi- 
lity  in  a moderate  fire,  and  hardnefs  approach- 
ing to  that  of  cryftal. 

There  are  few  fiones  which  exhibit  a greater 
variety  of  form  or  colour. 

They  enter  into  the  compofitionof  porphyry, 
of  ferpentine,  of  granite,  and  are  very  frequently 
found  with  the  magnefian  fiones. 

We  fhall  difiinguifh  the  fchorls  into  cryftal* 
lized  and  irregularly-fhaped  fchorls. 


A.  All 
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A.  All  the  varieties  which  depend  upon  co+ 
lour  may  be  reduced  to  four. 

1 . Black  Schorl. — The  black  fchorl  is  found 
chiefly  in  granites.  It  has  almoft  always  the 
form  of  prifms  more  or  iefs  perfeCt.  The  num- 
ber of  fldes  of  thefe  prifms  is  various  : they 
are  fometimes  grooved  ; they  Tome-times  ter- 
minate in  trihedral  obtufe  pyramids,  placed  in 
contrary  directions  ; in  fome  places  they  are 
found  feveral  -inches  long,  and  the  union  of 
thefe  prifms  frequently  forms  groups  of  feve- 
ral inches  in  diameter.  Their  black  colour  is 
more  or  lefs  deep.  When  urged  by  fire,  they 
become  refolved  into  a black  uniform  glafs  of 
an  imperfeCt  fluidity  like  pafle. 

The  analyfis  of  the  black  prifmatic  fchorls 
of  Gevaudan  afforded  me,  per  quintal,  fifty- 
two  filex,  thirtyr-feven  alumine,  five  lime,  three 
magnefia,  and  three  iron. 

2.  Green  Schorl. — This  variety  exhibits  the 
fame  form,  and  the  fame  modifications ; but  the 
moft  common  of  its  cryftallizations  is  that  of  a 
tetrahedral  prifm,  terminating  in  fliort  pyramids 
likewife  tetrahedral. 

3.  Violet  Schorl. — This  variety  was  difeover- 
ed  in  1781  by  Mr.  Schreiber,  below  the  Grotto 
of  Aunis,  fituated  at  the  diflance  of  one  league 
from  Bourg  d’Oifan  in  Dauphiny.  Mr.  De  la 

Peyroufe 


1 36  Earthy  Mixtures . Schorls, 

Pcy  roufe  likewife  f ound  it  at  the  Peak  of  Dretliz, 
in  the  Pyrenean  Mountains. 

This  fchorl  poflfefles  a certain  degree  of  tranf- 
parency.  It  is  cryftallized  in  rhomboides;  its 
texture  is  lamellated ; two  of  the  rhornboidal 
planes  of  each  pyramid  have  their  faces  ftriated 
parallel  to  each  other. 

Schorl  lofes  its  colour  in  the  fire,  and  one 
thirteenth  of  its  weight ; it  becomes  of  a greyifh 
white ; and  with  a fironger  degree  of  heat  it 
fwells  up,  fubfides,  and  forms  a black  enamel. 

Its  fpeqific  gravity  is  32,956,  according  to 
BrifTon, 

4.  White  Schorl. — This  variety  has  been 
found  in  the  mountains  of  Corfica,  Dauphiny, 
and  the  Pyrenees.  It  is  of  an  opake  white  co- 
lour, and  vitreous  appearance  ; and  is  found  in 
cryfials  on  the  furface  of  certain  fiones  of  the 
nature  of  lapis  ollaris.  I have  feen  a layer  of 
this  fchorl  between  amianthus  and  the  lapis  ol- 
laris.  It  melts  in  the  fire  into  a white  enamel. 

Theanalyfis  of  this  fchorl  from  the  Pyrenean 
Mountains  afforejed  me,  per  quintal,  fifty-five 
parts  filex,  twenty-two  alumine,  thirteen  mag- 
nefia,  and  feven  lime. 

B.  The  fchorl  in  connected  malles  nearly 
approaches  the  jafper  in  its  external  characters. 
It  maybe  difiinguifhed  however  by  its  fracture, 

which 
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"which  is  of  a dryer  grain,  and  exhibits  a dif- 
pofition  to  cryftallization.  This  Hone  ferves  a& 
the  bafis  to  feveral  porphyries.  The  variolite  of 
Durance,  a done  lingular  on  account  of  the  fii,- 
perllitions  to  which  it  has  given  rife,  is  a fchorl 
in  the  mafs,  covered  with  grains  of  the  fame 
nature  as  the  ground,  but  of  a clearer  green. 

Mr.  Dorthes  has  obferved  variolites  on  the 
coaft  of  our  Mediterranean  fea;  and  affirms 
that  this  if  one  in  its  decomposition  undergoes 
changes  of  colour,  which  fucceed  each  other 
in  the  order  of  the  folar  fpe&rum. 

III.  Volcanic  produ&s. — The  principal  pro- 
ducts of  volcanos  are  bafaltes,  lava,  and  terra 
pozzolana.  Thefe  fubdances  are  abfolutely  of 
the  fame  nature;  but  they  are  principally  dif- 
tinguifhed  by  the  name  of  Bafaltes  when  their 
form  is  regular.  When  they  have  no  determi- 
nate figure,  they  are  denominated  Lavas  ; and 
when  confiderabiy  attenuated  they  are  diltin. 
guiflied  by  the  name  of  Terra  Pozzolana. 

Bafaltes  is  diitinguifhed  into  the  prifmatic 
bafaltes  with  a number  of  lides,  from  three  to 
Seven  ; the  bafaltes  in  tables;  and  the  Spherical 
bafaltes. 

Lava  is  diftinguifhed  into  compadf  lava,  po- 
rous lava,  twilled  lava,  lava  in  tears,  Szc. 

Several  naturaliffs  have  claffed  the  bafaltes 

with 
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with  the  fchorls,  and  fame  of  them  have  align- 
ed the  fame  origin  to  both.  It  appears  never- 
thelefs  to  be  generally  agreed  that  bafaltes  is  a 
product  of  fire. 

It  fometimes  differs  from  fchorls  in  its  che- 
mical analyfis,  and  alfo  in  the  circumftance  of 
its  not  always  affording  magnefian  earth. 

The  colour  of  bafaltes  is  of  a deep  green,  al- 
moft  conftantly  covered  or  enveloped  with  a 
ferruginous  cruft  lefs  black  than  the  internal 
part.  The  iron  is  in  the  ftate  of  ochre. 

Its  form  is  conftantly  prifmatic,  which  is  the 
natural  effedt  of  the  contraction  which  it  fuf- 
£§rs  in  cooling. 

Bafaltes  is  converted  by  fire  into  a moft  beau- 
tiful black  glafs.  This  property,  which  is  ad- 
mitted by  every  chemift,  induced  me  to  fufe  it, 
and  blow  it  into  bottles. 

The  attempt  was  perfedtly  fuccefsful  at  the 
glafs-houfe  of  Mr.  Gilley  of  Allais,  and  at  that 
of  Mr.  Giral  of  Erepian.  I ftill  preferve  the 
firft  veffels  which  were  blown  of  this  fubftance? 
they  are  of  the  moft  beautiful  black,  aftonifhing- 
ly  light,  but  without  tranfparency.  Encoura- 
ged by  this  firft  fuccefs,  I requefted  Mr.  Caf- 
tcl veil,  the  proprietor  of  another  glafs-houfe, 
to  undertake  fome  experiments  ; and  in  con- 
fcquence  of  various  trials  we  fucceeded  in  fa- 
bricating 
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bricating  bottles  of  an  olive  green,  in  which 
the  moft  extreme  lightnefs,  and  a truly  afto- 
nifhing  degree  of  folidity,  were  united.  Pound- 
ed bafaltes,  foda,  and  fand,  in  nearly  equal  pro- 
portions, formed  their  compofition.  The  pro- 
perties of  thefe  bottles,  as  proved  by  my  own 
experiments,  as  well  as  by  thofe  which  Mr, 
Joly  De  Fleury,  at  that  time  comptroller-ge-  . 
neral,  ordered  to  be  made,  render  them  of  the 
greateft  value  in  commerce  ; and  Mr.  Caftel- 
veil  was  unable  to  fupply  the  numerous  orders 
he  received.  This  manufacture  fupported  it- 
felf  writh  fuccefs  for  two  years  : but  at  the  end 
of  that  time  the  fuperiority  of  the  bottles 
ceafed  to  be  the  fame;  the  manufacturer  re- 
ceived the  reproaches  of  the  confumer  ; this 
fuperb  eftablifhment  gradually  fell  off,  and  was 
at  length  abandoned. 

Since  that  period  I have  made  feveral  experi- 
ments in  the  large  way,  from  which  I have  ob^ 
tained  refults  that  may  be  of  fervice  to  fuch  as 
are  defirous  of  following  this  manufacture. 

1.  The  nature  of  the  comhudible  ufed  in 
glafs-houfes  has  a prodigious  effeCt  in  modify- 
ing the  refults  of  experiments.  The  fame  ba- 
faltes which  Mr.  Caftelveil  conftdered  as  too 
refraCtory  in  his  furnace  heated  by  wood,  was 
found  of  too  fufible  a nature  by  Mr.  Giral, 

who 
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who  was  in  the  habit  of  uling  pit-coal  in  his 
glafs  works.  The  former  manufacturer  ac- 
cordingly made  his  glafs  by  adding  foda  to  the 
java,  whilft  the  latter  mixed  it  with  a very  re- 
fractory fand. 

2,  The  fame  lava,  fufed  without  addition, 
may  be  blown  in  one  glafs-houfc,  and  not  in 
another.  This  irregularity  appeared  to  me  at 
firft  to  depend  elfentially  on  the  fkill  of  the 
workmen  ; but  I have  been  fince  convinced 
that  it  is  totally  independent  of  that  circum- 
ftance. 

In  a furnace  which  is  (trongly  heated,  the 
fufed  lava  fometimes  becomes  fluid  like  water, 
and  drops  from  the  iron  tube  as  foon  as  it  is 
collected.  The  fame  lava,  when  fufed  in  other 
furnaces,  will  preferve  a fufficient  degree  of  con- 
fluence to  admit  of  being  blown.  1 am  myfelf 
well  allured  that  the  lava  might  be  wrought  in 
any  glafs-houfe  whatever,  provided  the  moment 
was  feized  in  which  the  palte  was  neither  too 
fluid  nor  too  thick  to  be  w7rought;  but  thefe 
attentions  are  too  delicate,  and  too  minute,  to 
be  obferved  in  works  in  the  large  v;ay. 

3.  The  hardell  bafaltes  affords  the  molt 
beautiful  glafs.  When  it  is  contaminated  with 
foreign  principles,  fuch  as  the  nodules  of  lime, 
the  glafs  is  brittle,  and  has  not  a fufficient  con- 
nexion 
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HeCtion  of  its  parts.  This  circumftance,  in  my 
opinion,  was  the  caufe  of  the  bad  quality  of  the 
glafs,  which  produced  the  failure  in  Mr.  Caf- 
telveil’s  manufactory. 

4.  I have  feen  very  hard  bafaltes  interfperfed 
with  black  infufible  points,  infomuchthat  thefe 
points  became  enveloped  in  the  vitreous  pafte 
without  any  perceptible  alteration.  The  volca- 
nic mountain  of  Efcandorgue  near  Lodeve  af- 
forded me  this. variety  of  bafaltes. 

In  the  article  Verrerie  of  the  Encyclopedic 
Methodique,  may  be  feen  the  various  refults 
which  we  have  obtained  with  Mr.  Allut,  in 
feveral  experiments  made  in  common  in  the 
royal  glafs  works  of  Boufquet  and  elfewhere. 

I fhali  conclude,  from  the  obfervations  which 
my  experiments  have  hitherto  afforded — 

1.  That  lava  may  be  ufed  as  a flux  in  glafs- 
houfes  to  diminifh  the  confumption  of  foda. 
This  is  the  Angle  purpofe  I at  that  time  pro- 
pofed  to  myfelf,  and  I have  clearly  accomplifh- 
ed  it.  1.  By  the  refults  of  experiments  which 
have  fhewn  that  refractory  fand  becomes  fufed 
in  the  glafs  furnace  by  a mixture  of  lava.  2.  By 
the  effeCts  obtained  in  all  the  works  in  the  large 
way,  in  which  the  addition  of  lava  permitted,  a 
diminution  in  the  proportion  of  foda. 

2.  It  is  very  difficult  to  eftabiifh  a rigorous 

procefs* 
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procefs,  applicable  to  all  circumftances,  by 
■which  lava  may  be  wrought  without  addition. 
My  bottles  into  which  the  lava  entered  as  a 
component  part,  were  fcarcely  known,  before 
it  was  publifhed  that  they  were  formed  of  lava 
without  addition ; nothing  more  being  faid  to 
be  required  than  to  fufe  the  lava  in  order  to 
form  bottles.  This  ftrange  report  afFedled  me 
very  little  in  the  principle;  becaufe  I had  nei- 
ther fpoken,  written,  nor  printedany  thing  which 
was  capable  of  giving  authority  to  fuch  an  error : 
and  I was  content  to  reply  to  all  perfons  who 
demanded  information,  by  informing  them  that 
experience  had  taught  me  that  an  addition  of 
lava  diminifhed  the  proportion  of  foda  in  the 
compofition  of  glafs,  and  that  this  new  princi- 
ple rendered  the  bottles  lighter  and  ftrdnger. 

3.  That  the  only  advantage  which  can  be 
derived  from  fufing  lava  without  addition, 
is  to  pour  it  out  into  moulds,  to  form  paving 
itones,  chimney  jams,  &c.  The  facility  with 
which  it  is  fufed  by  the  affiftance  of  pit-coal, 
would  render  thefe  works  of  fmall  expence; 
and  it  might  eafily  be  decorated  by  incrufting  it 
with  metallic  colours. 

4.  That  the  difference  in  the  nature  of  vol-* 
canic  products  produces  fuch  a variety  in  the 
refults  of  their  fufion,  that  I confider  it  as  im- 

poflible 
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poiTible  to  aflign  a conftant  and  invariable  pro- 
cefs,  by  which  the  fame  refult  may  infallibly 
be  obtained.  This  circumftance  renders  it  ne- 
ceffary  to  make  preliminary  trials  in  all  cafes 
wherein  it  is  intended  to  life  bafaltes  in  the  fa- 
brication of  bottles. 

The  bafaltes  has  been  confidered  as  fimilar 
to  a ftone  known  by  the  name  of  Trapp  : it  re- 
fembles  it  in  feveral  effential  properties ; the 
colour,  form,  weight,  and  the  nature  of  the 
component  parts  of  each,  appear  to  authorize 
us  in  confounding  them  together,  as  Bergmann 
has  proved  by  the  fine  comparifon  he  has  made 
of  thefe  two  ftones,  in  his  analyfes  of  the  vol-. 
canic  produdls  of  Iceland.  But  this  fame  che- 
mift  has  fhewn  that  they  differ  in  feveral  other 
points  of  view. 

The  trapp  exhibits  no  chara&er  which  can 
give  ground  to  fufped:  that  its  origin  is  volca- 
nic; it  is  found  in  Sweden,  in  the  primitive 
mountains,  and  upon  ftrata  of  granite  and 
fchiftus,  and  fometimes  even  upon  banks  of 
calcareous  ftone. 

The  trapp  of  the  mountains  of  Weftrogoth- 
land  is  ufually  in  the  form  of  a fquare  irregular 
cube;  and  it  is  indebted  for  its  denomination 
to  this  refemblance  to  the  fteps  of  a ftair-cafe. 
It  likewife  exhibits  the  form  of  a triangular 

prifm* 


*44-  Earthy  Mixtures . Chryfoprafe - 

prifm,  though  feldom ; and  fometimes  it  re* 
fembles  immenfe  columns. 

The  trapp  afforded  Bcrgmann  the  fame  prin-» 
ciples,  and  nearly  in  the  fame  proportion,  as 
the  bafaltes.  The  difference  is  fcarcely  the 
hundredth  part ; and  this  variation  is  frequent- 
ly found  in  pieces  of  the  fame  bafaltes. 

SPECIES  VI. 

Silex,  Lime,  Magnelia,  Iron,  Copper,  and  the 
Fluoric  Acid. 

This  combination  forms  the  chryfoprafe.  Its 
colour  is  a femi-tranfparent  apple  green,  and 
it  is  harder  than  the  fufible  fpars  and  quartz  of 
the  fame  colour. 

The  fire  deprives  it  of  its  green  colour,  ren- 
ders it  white  and  opake,  and  forms  by  the  af- 
fiftance  of  vital  air,  a compact  and  milky  glo- 
bule.— See  Erhmann. 

Mr.  Achard  obtained,  in  the  quintal  of  this 
ffone,  95  parts  filex,  1.7  lime,  1.2  magnelia, 
0.6  copper. 

species  VII. 

Silex,  the  blue  Fluate  of  Lime,  with  the  Sul- 
phate of  Lime  and  Iron. 

This  lingular  combination  forms  the  Lapis 
Lazuli,  or  Azure  Stone. 

Its  colour  is  of  a beautiful  opake  blue,  which 

it 
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It  preferves  in  a ftrong  heat,  and  does  not  fuffer 
any  alteration  in  this  refpeft  by  the  contact  of  air. 

The  powder  of  this  (tone  makes  a flight  ef- 
fervefcence  with  acids  ; but  after  calcination. it* 
forms  a jelly  with  acids,  without  exhibiting  any 
previous  effervefcence. 

The  powder  of  this  ffone  forms  the  valuable 
colour  known  by  the  name  of  Ultramarine. 
The  price  of  this  colour  is  proportioned  to  its 
intenfity ; and  its  value  is  accordingly  leafl 
when  it  is  mixed  with  pyrites,  becaufe  thefe 
bodies  dirriinifh  the  vivacity  of  its  colour. 

This  (lone  affords  w7ater  by  calcination,  and 
when  diftilled  with  the  muriate  of  ammoniac,  it 
forms  martial  flowers;  which  proves,  according 
to  Mr.  Sage,  that  its  colour  is  owing  to  iron. 

The  azure  flone  is  fufed  by  a ftrong  heat  into 
a whitifh  glafs ; and  by  the  afllftance  of  oxigene 
it  forms  a white  tranfparent  globule  inclining 
to  green,  without  internal  bubbles,  and  not 
obedient  to  the  magnet. 

The  fpecific  gravity  of  the  lapis  lazuli  of  Si- 
beria is  29,454. — See  Briffon. 

Plates  of  the  lapis  lazuli  may  be  feen  upon 
almoft  all  richly  decorated  altars;  it  is  likewifc 
made  into  toys.  , 

Margraff  obtained  from  this  (tone  calcareous 
earth,  gypfum,  iron,  and  filex.  Mr.  Pnnmann 
has  difcovered  that  it  contains  the  fluoric  acid. 
Vol,  II.  L 
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SPECIES  VIII. 

r5ilex,  Alumine,  Barytes,  and  Magneiia, 

This  ftone  is  known  by  the  names  of  Feld 
Spar,  Rhomboidal  Quartz,  Spathum  fcintil- 
lans,  Petuntze. 

It  very  frequently  form  s one  of  the  principles 
of  granite,  and  the  cryffals,  which  are  found 
feparate,  arife  from  the  decompofition  of  this 
primitive  rock. 

The  texture  of  feld  fpar  is  clofe,  Iameilated, 
and  it  is  lefs  hard  than  quartz. 

It  fufes  without  addition  into  a whitifh  glafs,. 
I have  neverthelefs  obferved  a very  great  vari- 
ety in  the  feld  fpars,  with  regard  to  their  habi- 
tude in  the  fire.  That  of  Avene,  which  is  in 
the  form  of  whitifh  cryflals  mixed  with  quartz, 
afforded  me  a tranfparent  glafs  of  extreme 
hardnefs  by  the  fimple  addition  of  one-third  of 
lime : whereas  that  of  Efperon,  treated  in  the 
fame  manner,  did  not  exhibit  the  fmallefl  lign 
of  fufion. 

The  fpecific  gravity  of  white  feld  fpar  is 
25.946. — See  BrifTon. 

Feld  fpar  exhibits  feveral  varieties  in  its  form 
and  colour. 

Moft  of  the  pieces  of  feld  fpar  inclofed  in 

granite 
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granite  have  a rhomboidal  form  ; and  when 
this  primitive  rock  becomes  decompofed,  the 
cryftals  of  feld  fpar  are  detached,  and  remain 
confounded  with  the  rubbifh.  The  granites 
of  our  province,  almoft  all  of  them,  contain 
thefe  cryftals,  fome  of  which  are  an  inch  and  a 
half  in  diameter. 

Feld  fpar  has  been  found  cryftallized  in  te-> 
trahedral  prifms,  terminating  in  pyramids  with 
four  ftdes. 

I poflefs  fome  fpecimens  of  feld  fpar  of  Au- 
vergne, whofe  tetrahedral  prifms  are  flattened 
and  terminated  by  a dihedral  fummit. 

The  principal  fhades  of  colour  in  feld  fpar 
are  white,  rofe-colour,  and  chatoyant,  or  of 
changeable  colours. 

The  white  tranfparent  feld  fpar  is  very  m?*e  ; 
there  is  a piece  in  the  Royal  Cabinet  of  the 
Mineral  School,  which  comes  from  Mount  St. 
Gothar. 

One  hundred  parts  of  white  feld  fpar  contain 
about  ftxty-feven  filex,  fourteen  alumine,  eleven 
barytes,  and  eight  magnefia. 

The  rofe-coloured  feld  fpar  is  not  very  fcarce. 
Our  mountains  exhibit  much  of  it.  It  abounds 
with  iron,  which  is  in  the  ftate  of  ochre.  Some 
experiments  have  fhevvn  me  that  this  variety  is 
more  fufible  than  the  others.  My  analyfes  have 

L 2 even 
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even  exhibited  a large  portion  of  magrtefia* 
and  its  confidence  appears  to  me  to  be  lefs 
firm  than  that  of  other  fpecimens. 

Feld  fpar  is  compofed  of  rhomboidal  lami- 
nae, which  give  it  the  property  of  exhibiting 
various  colours-,  in  a greater  or  lefs  degree. 
Large  pieces  of  feld  fpar  have  been  found  on 
the  northern  coad  of  Labrador,  worn  down  by 
the  waters  into  a round  form,  of  a blueifhgrey 
colour,  and  exhibiting  the  mod  agreeable 
change  of  colours,  according  to  the  variation  of 
polition.  The  colours  are  a beautiful  celedial 
blue,  diaded  with  green.  This  done  is  known 
by  the  name  of  Labrador  Stone.  Granites  are 
frequently  found  in  which  the  feld  fpar  exhibits 
its  changeable  colours  without  being  wrought. 


class  nr. 

Concerning;;  the  Mixture  of  Stones  among  each 
other.  Stony  Mixtures.  Rocks. 

The  mixture  of  theprimitive  earths  with  each 
other  forms  the  dones  we  have  hitherto  treated 
of;  and  thefe  dones,  united  and  connected  to- 
gether, or  as  it  were  joined  by  a cement,  con- 
ditute  die  numerous  clafs  of  pebbles  or  dones, 
concerning  which  we  diall  proceed  to  treat.  It 
is  evidently  feen  that  the  mixture  of  various 

dones 
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(tones  has  been  produced,  either  by  revolutions 
which  have  reverfed  and  confounded  the  whole 
furface  of  countries,  or  by  the  adtion  of  waters, 
which  have  fucceflively  formed  the  ftrata  of 
rounded  flints  fpread  over  the  furface  of  the 
globe,  and  have  afterwards  depofited  in  their 
interftices  that  earthy  matter  which  has  con- 
nected them  together.  Thefe  mixtures  have 
afterwards  acquired  a degree  of  hardnefs  ; and 
at  length  appeared  to  form  one  Angle  fubftance. 

We  fhall  eflablifh  our  genera  upon  the  pre- 
fence of  fuch  {tones  as  predominate  ; and  the 
fpecies  will  be  deduced  from  the  variety  of 
ftones  mixed  with  that  which  determines  the 


GENUS  I. 

Rocks  formed  by  the  Mixture  of  Calcareous 
Stones  with  other  Species. 

Though  the  bafls  of  calcareous  (tones  enters 
into  the  compofltion  of  the  greater  part  of  litho- 
logic fubftances,  we  And  few  rocks  which  can 
fre  ranged  in  this  clafs. 


SP2- 
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species  i# 

Carbonate  of  Lime,  and  Sulphate  of  Barytes, 

Mr.  Kirwan  obferved  compound  ftones  iq. 
Derbyfhire,  formed  of  chalk  intermixed  with 
nodujes  of  ponderous  fpar. 

SPECIES  II. 

Carbonate  of  Lime  and  Mica. 

The  green  marble  or  Cipolin  of  Autun  is  of 
this  kind.  It  is  compofed  of  eighty-three  parts 
carbonate  of  lime,  twelve  green  mica,  and  one 
iron. — Journal  de  Phyfique,  t.  xii.  page  55. 
Calcareous  ftones  are  found  in  Italy,  which  ex- 
hibit brilliant  fpecks  of  mica,  and  are  known  by 
the  name  of  Mafigno. 


SPECIES  III, 

Mixtures  of  Calcareous  and  Magnefian  Stones, 

Sulphate  of  lime,  fluate  of  lime,  and  carbo- 
nate of  lime  are  found  mixed  with  fteatites,  fer- 
pentine,  talc,  amianthus,  and  albeftos.  Such  is, 
for  example,  the  white  marble  interfperfed  with 
fpots  of  fteatites,  and  defcribed  by  Cronftedt, 

SPE* 
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sPEcns  iv. 

Calcareous  Stones,  and  Fragments  of  Quartz. 

Quartz  is  fometimes  found  in  a calcareous 
cement.  Sweden  and  Siberia  exhibit  feveral 
marbles  which  give  fire  with  the  fteel.  The 
calcareous  grit,  fo  common  in  the  fouthern  part 
of  our  kingdom,  is  of  this  fpecies.  The  fand 
is  compofed  of  fragments  of  quartzofe  flints, 
rounded  and  connected  by  a calcareous  gluten 
or  cement. 1 By  digeflion  of  grit-ftone  in  an 
acid,  the  calcareous  cement  becomes  diflolved, 
and  the  proportion  which  the  fand  bears  to  the 
whole  may  then  be  eafily  determined. 

This  grit-ftone  is  feldom  hard  enough  to  be 
ufed  in  building,  or  in  paving. 

At  Nemours,  and  at  Fontainbleau,  this  fto;ie 
has  been  found  cryftallized  in  perfedt  rhom- 
boids : the  cabinets  of  naturalifts  are  enriched 
with  fuperb  famples  of  this  kind. 

Lime-ftone  has  likewife  been  found  ferving 
as  a cement  for  feld  fpar,  fchorl,  &c.  ; but 
this  is  fomewhat  rare. 

Mr.  De  Sauflure  has  described  a ftone  whofe 
elements  are  quartz  and  fpar. 

Our  fhores  afford  pebbles  of  hard  marble  of 
- a light- 
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a light-grey  colour,  interfperfed  with  feld  fpar 
and  quartz. — See  Dorthes. 

GENUS  ir. 

Compound  Stones  formed  by  the  Mixture  of 
Barytic  Stones  with  otherStones. 

As  ponderous  fpar  is  of  confiderable  fcarcity, 
and  is  almoft  always  found  alone,  this  genus  will 
not  be  numerous. 


species  1. 

Ponderous  Spar  mixed  with  a fmali  Quantity 
of  Calcareous  Spar. 

The  diocefes  of  Alais  and  of  Uzes  afforded 
rne  this  fpecies ; and  I have  myfelf  obferved  in 
the  latter  rhomboids  of  calcareous  fpar,  fo  well 
mixed  with  the  laminae  of  ponderous  fpar,  that 
it  is  impoffible  to  feparate  them  without  deftroy- 
ing  the  ftone.  It  was  among  the  veins  of  pon- 
derous fpar  which  are  found  on  the  road  from 
Fortes  to  Alais,  that  I faw  this  mixture. 


SPE- 
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SPECIES  II. 

Ponderous  Spar  and  Serpentine. 

Mr.  Kirwan  deferibes  a fpecies  of  Terpentine 
with  fpots  of  barytes. 

species  hi. 

Ponderous  Spar  and  Fluor  Spar. 

The  ponderous  fpar  of  Auvergne  is  mixed 
with  fluor  fpar:  I have  many  fpecimens  of  this. 

SPECIES  IV. 

Ponderous  Spar  and  Indurated  Clay. 

This  is  the  Kros-ftein  of  the  Germans.  The 
clay  which  forms  the  ground  is  grey,  and 
includes  a ponderous  fpar  of  a white  colour, 
which  is  difpofed  in  this  clay  in  the  form  of 
veins,  that  might  be  taken  at  firft  fight  forver- 
miculites,  or,  in  general,  for  the  remains  of 
fome  organized  fubftances.  This  ftone  is  found 
at  Bochnia  in  Poland. 

SPECIES  v. 

Ponderous  Spar  and  Quartz. 

I have  in  my  colle&ion  feveral  fpecimens,  in 

which 


*54 


Earthy  Mixtures . Stones . 

which  the  ponderous  fpar  is  difpofed  in  ftars 
upon  a matrix  of  the  nature  of  fiiex, 

SPECIES  VI. 

Ponderous  Spar  and  Lava* 

The  extindl  volcanos  of  the  diocefe  of  Bc~ 
ziers  have  afforded  me  lavas,  partly  decom- 
pofed,  whofe  furface  exhibits  radii  of  ponderous 
fpar*  which;  at  firft  fight,  I took  to  be  zeolite. 

genus  in* 

Kocks  or  Stones  formed  by  the  Mixture  of 
Magnefian  Stones  with  other  Kinds* 

species  i. 

Magnefian  Stones  mixed  together. 

The  fame  rock  often  exhibits  the  various 
known  magnefian  (tones  in  contact  with  each 
other.  Thus  we  fee  the  afbefios  placed  befide 
the  amianthus,  the  ferpentine  in  contadt  with 
the  albeftos,  the  fteatites  in  contaft  with  talc, 

SPECIES  II. 

Magnefian  Stones  and  Calcareous  Stones, 

The  ferpentine  has  been  found  fpotted  with 
calcareous  fpar,  and  gypfum. 
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species  III. 

Magnefian  Stones  and  Aluminous  Stones* 

Steatites  is  frequently  mixed  with  clay.  Its 
fibres  are  found  bedded  in  an  argillaceous  fub- 
ftance.  Steatites  and  ferpentine  are  fometimcs 
mixed  with  the  fcniftus, 

species  IV. 

Magnefian  Stones  and  Siliceous  Stones* 

Serpentine  is  found  mixed  with  veins  of 
quartz,  feld  fpar,  fchorl,  &c. 

Afbeflos  and  amianthus  are  often  confounds 
ed,  and  fometimes  incorporated  in  quartz  and 
jrock-cryflal. 

Mr.  De  SaufTure  has  defcribed  a compound 
ftone,  of  which  the  quartz  is  white*  and  the 
fleatites  green. 

At  Sterzing  in  Tyrol,  is  found  a rock  form- 
ed by  fchorl  and  ferpentine. 

In  the  county  of  Mansfeld  in  Saxony,  a rock 
has  been  difcovered,  compofed  of  jafper  and 
^ibeftos. 
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GENUS  IV. 

Rocks  or  Stones  formed  by  the  Mixture  of 
Aluminous  Stones  with  other  Species. 

1 species  1. 

Schiftus  and  Mica. 

This  mixture  forms  feveral  primitive  moun- 
tains. The  mica  is  fo'me  times  in  plates  of  a 
certain  thicknefs,  but  mo  ft  commonly  in  fmall 
fragments  ; and  the  ftone  aflumes  a brilliant 
argentine  appearance,  which  renders  thefeftones 
agreeable  to  the  fight.  In  this  laft  cafe,  the 
ftone  is  nearly  white,  fonorous,  and  fplits  into 
leaves ; whereas  it  is  blackifh,  and  lefs  hard, 
when  the  mica  is  difperfed  through  it  in  large 
grains. 

Thefe  kinds  of  micaceous  fchifti  do  not  be- 
come fpontaqeoufiy  decompofed.  They  differ 
effentially  from  the  pyritous  fchiftus,  whofe 
formation  appears  to  be  pofterior  to  that  of  the 
prefen t fpecies. 

This  micaceous  fchiftus  is  a primitive  ftone. 
It  does  not  include  minerals,  or  at  leaft  very 
rarely;  and  it  is  not  fpontaneoufiy  decom- 
pofed. 
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SPECIES  II* 

Schiftus  and  Garnet. 

The  fchiftus  frequently  contains  garnets, 
which  rife  in  protuberances  in  its  texture,  and 
feparate  its  ftrata  from  each  other.  The  gar- 
net is  cryftallized,  and  one  would  be  difpofed 
to  affirm  that  this  ftone  had  increafed,  and  al- 
moft  vegetated,  in  the  other,  which  ferves  as  its 
covering.  It  is  probable  that  the  garnet  has 
been  enveloped  by  this  pafte  of  fchiftus  ; or 
that  it  was  formed  while  the  ftone  was  ftill  al- 
moft  in  the  fluid  ftate. 

I found  this  fchiftus  filled  with  garnets  in 
the  bed  of  the  river  Bramabiou,  in  the  diocefe 
of  Alais. 


SPECIES  III. 

Schiftus,  Mica,  and  Quartz  mixed  in  finall 
Fragments. 

The  Germans  call  this  compound  ftone  by 
the  name  of  Gneifs.  It  deferves  to  be  included 
among  the  quartzofe  and  filiceous  ftones  ; but 
as  it  nearly  approaches  the  primitive  fchifti  we 
have  juft  treated  of,  we  ftiall  follow  the  natural 
method  in  clalfing  it  here. 


The 
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The  texture  of  this  (lone  varies  greatly.  If. 
fometimes  forms  a rock  in  which  neither  ground 
nor  fibres  can  be  djftinguifhed  ; in  other  fipe- 
cimens  it  appears  to  be  divided  into  filaments 
twilled  in  a thoufand  manners,  and  it  frequently 
Exhibits  a lamellated  hard  texture. 

It  is  found  in  large  maffes  of  a greyifh  green 
colour,  with  its  furface  fhining,  and  polilhed 
like  the  ftate;  and  it  appears  to  be  merely  a 
fine-grained  granite,  the  minutenefs  of  whofe 
parts  has  fuffered  them  to  take  the  foliated 
form  of  the  fchiftus. 

Mr.  Weigleb  has  analyfed  that  of  Friburg. 

SPECIES  IV. 

Schiftus  and  Schorl. 

The  mixture  of  thefe  two  fiones  is  common 
enough.  The  fchorl  is  fometimes  difperfed  in 
very  minute  filaments,  which  give  a blackifh 
tinge  to  the  mafs.  Its  form  is  often  prifmatic; 
in  which  cafe  the  fibres  of  the  fchiftus,  and  the 
long  cryftals  of  the  fchorl,  form  the  prifm  by 
their  reunion. 

A fchiftus  has  been  found  in  the  Pyrenean 
mountains,  in  w7hich  the  fchorl  is  fpread  from 
fpace  to  fpace  in  the  form  of  oblong  bodies, 
and  equally  difperfed  over  the  whole  mafs. 
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SPECIES  V. 

Clay  and  Quartz. 

This  conftitutes  the  argillaceous  grit-done, 
or  the  done  in  which  fragments  of  quartz  are 
united  together  by  an  argillaceous  gluten. 

Several  varieties  of  grit-done  may  be  didin- 
guifhed.  It  is  often  found  in  irregular,  coarfe, 

* and  compadt  rnades,  which  are  made  into  mill- 
dones,  or  ufed  for  paving,  &c. 

The  magnitude  of  the  fragments  of  quartz 
renders  the  furface  more  or  lefs  rugged ; and  it 
is  this  w7hich  renders  it  proper  for  certain  ope- 
rations of  trituration. 

When  its  grain  is  finer,  it  is  made  into 
grinddones.  It  is  by  virtue  of  their  quartzous 
principles  that  grind-ftones  emit  fuch  nume- 
rous fparks,  when  druck  with  the  deel,  or 
when  they  are  moved  with  rapidity  againdany 
tool  of  that  metal. 

Argillaceous  grit-done  is  fometimes  of  a 
fcaly  texture;  the  Cos  Turcica  of  Wallerius, 
and  the  done  ufed  for  fharpening  fcythes,  are 
of  this  kind. 

Fine  grit -done,  compofed  of  impalpable  par- 
ticles, is  known  by  the  name  of  Tripoli,  from 
the  part  of  Africa  whence  it  fird  came.  It  is 
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now  found  in  Rouergue,  in  Britanny,  Germany* 
and  elfewhere. 

The  porous  grit-done  called  Filtering-done, 
on  account  of  its  ufe,  is  of  the  fame  nature. 

Quartz  is  fometimes  mixed  with  mica.  Our 
province  contains  it  in  various  places. 

The  mica  is  likewife  found  mixed, 

1.  With  feld  fpar,  according  to  Ferber  and 
Kirwan. 

2.  With  fchorl,  at  Mount-hykie  in  Daiecarlia 
In  Sweden,  and  at  Sterzing  in  Tyrol. 

3.  With  garnets,  at  Paternion  in  Caririthia, 
and  at  the  Carpathian  mountains  in  Hungary. 

4.  With  garnet  andfchorl,  at  Greyner. — See 
Muller. 

5.  With  quartz,  feld  fpar,  and  fchorl.  This 
compodtion  forms  one  of  the  mod  common 
granites. 

The  mixture  of  thefe  dones,  varied  in  the 
proportion  of  their  principles  or  elements, 
forms  the  numerous  variety  of  granites  ; and 
the  feveral  colours  likewife  modify  them  ex- 
ceedingly. 


genus  v. 

Compound  Stones  formed  by  the  Mixture  and 
Re-union  of  Ouartzofe  Stones  with  each 
other. 
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SPECIES  I. 

Quartz  and  Schorl* 

The  quartz  is,  in  general,  white  in  this  hone, 
and  the  fchorl  of  various  colours.  Some  of  the 
paving-hones  of  London  are  of  this  fort,  ac- 
cording to  Kirwan.  The  fchorl  is  likewife 
found  in  cryhals  within  the  quartz* 

SPECIES  II. 

Ouartz  and  Feld  Spar* 

A hone  of  this  nature  was  brought  me  from 
the  neighbourhood  of  Avenes.  The  mountain 
from  which  the  fpecimen  was  detached,  contains 
about  one-third  of  quartz.  The  reft  of  the 
rock  conftfts  of  rhomboidal  feld  fpar,  of  no 
great  firmnefs  of  texture,  and  conftantly  ex- 
hibiting rhombus  in  its  fradlure. 

I poftefs  a very  fine  fpecimen  of  a ftmilar 
rock,  which  was  fen t me  from  Fahlun  in  Dale- 
carl  ia. 


SPECIES  III. 

Grit-ftone  and  Garnet. 

1 have  received  from  the  mines  of  Tallard, 
near  Gap  in  Dauphiny,  grit-ftones  with  garnets 
of  one  or  twro  lines  in  diameter  interfperfed. 
Vol.  II.  M Thefe 
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Thefe  garnets  are  difperfed  through  the  whole 
mafs,  at  the  diftancc  of  three  or  four  lines  from 
each  other. 

id:  ; * ijjifivs  tL.. » .v  ' ;;i  . ;*t  *:  y t>r!T 

SPECIES  IV., 

* « Quartz,  Feld  Spar,  and  Schorl. 

: ' ' • . . . ■ ' 

This  mixture  is  common,  and  forms  great 

part  of  the  granites  on  our  globe. 

The  proportion  of  the  elements  of  this  rock 
varies  greatly,  but  the  forms  of  the  fbones  which 
compofe  it  are  not  lefs  variable.  The  fchorl  is 
frequently  cryftallized  in  prifms  ; the  feld  fpar 
almofi  always  exhibits  rhomboidal  laminae,  on 
breaking  the  ftone  ; the  quartz  very  feld  am  ex- 
hibits determinate  figures,  but  it  has  neverthe- 
kfs  been  found  in  fu'perb  cryftals  at  Alen^on 
and  el fe where. 

The  colour  of  thefe  ftones,  likewife,  exhibits 
an  infinity  of  fhades.  The  fchorl  is  ufually 
black;  but  it  is  fometimes  found  green,  and 
even  white,  as  in  feme  granites  brought  from 
Spain.  The  feld  fpar  is  commonly  of  an  afhen 
grey;  but  it  has  been  obferved  of  a flefh-co- 
lour,  of  a milk-white,  of  a dull  red,  &c.  The 
moil  common  appearance  of  the  quartz  is,  that 
of  a fat  and  vitreous  fubftance.  It  is  fome- 
times black.' 

S P E- 
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species  V.  ' 

Fragments  of  Quartz  united  by  a Siliceous 
Cement. 

We  may  here  clafs  the  quartzofe  plum-pud- 
ding ftones.  The  cement  which  unites  thefe 
pebbles  of  quartz,  which  are  commonly  round- 
ed, is  the  paftc  of  petrofilex.  Some  of  thefe 
pudding-ftones  are  fo  compact,  and  their  frac- 
ture is  fo  uniform,  that  they  are  capable  of  the 
Inoft  beautiful  polifh,  and  produce  a very  happy  . 
efFedl  by  the  variety  of  colour  of  the  feveral 
flints  connected  by  the  fame  gluten. 


SPECIES  VI. 

Jafper  and  Feld  Spar. 

This  rock  is  known  by  the  name  of  Porphyry. 
The  jafper  compofes  the  ground,  and  the  feld 
fpar  is  interfperfed  in  fmall  needles,  or  in  flat 
parallelopipedons. 

The  colour  of  porphyry  varies  prodigioufly. 
The  feld  fpar,  which  enters  into  its  compofition, 
is  either  white,  or  yellowifh,  or  red  ; but  the 
name  of  the  porphyry  is  always  dependent  on 
the  colour  of  the  jafper.  The  jafper  is  fome- 
M 2 times 
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times  green  and  fometimes  black,  and  in  fome 
inftances  red ; which  eftablifhes  a great  number 
of  varieties. 

As  this  ftone  is  fufceptible  of  the  moft  beau- 
tiful polifh,  it  has  been  employed  as  an  orna- 
ment ; and  our  temples,  as  well  as  private  houfes* 
are  decorated  with  it. 

Mr.  Ferber  found  in  Tyrol  porphyry  in  prif- 
matic  columns,  refembling  thofe  of  bafaltes ; a 
circumftance  which  affords  a further  degree  of 
probability  to  the  opinion  of  fuch  as  have  con- 
fidered  porphyry  to  be  a volcanic  produdtion. 

Porphyry  is  found  in  Egypt,  in  Italy,  in  Ger- 
many, in  Sweden,  in  France,  &c.  Mr.  Dorthes 
has  brought,  from  various  mountains  in  Au- 
vergne, fpecimens  of  porphyric  bafaltes  in 
tables  and  in  maffes,  containing  cryftals  of  feld 
ipar,  well  formed,  and  little  altered. 

Heobferved  that  the  rocks  of  Chevenon,  an 
ancient  convent  of  Gramontin,  at  the  diftance 
of  one  league  from  Artonne  in  Auvergne,  were 
very  beautiful  porphyry.  Mr.  Guettard  found 
it  like  wife  in  the  foreft  of  Efterelle  in  Pro- 
vence. 

Mr.  Dorthes  has  defcribed  more  than  twenty 
varieties  of  porphyry  thrown  up  in  pebbles  by 
the  Mediterranean  upon  our  coafts,  whither 

they 
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they  are  brought  by  the  Rhone.  In  many  of 
thefe  are  found  tranfparent  quartz  with  the 
prifmatic  form,  and  cryftallized  feld  fpar. 

Porphyry  fufes  into  a black  globule,  marked 
with  white  points. 

The  fpecific  gravity  of  red  porphyry  is 
27,651,  and  that  of  green  26,760. — Brifibn, 

Porphyry  fometimes  contains  fchorl.  Walle- 
rius  has  defcribed  it  “ Porphir  rubens,  cum 
fpatho  fcintilla^te  albo,  et  bafalto  nigro.” 

SPECIES  VII. 

Jafper  and  Garnet. 

This  Hone  has  been  difcovered  in  Iceland  : 
the  ground  is  a green  jafper,  which  includes 
ferruginous  garnets  cryftallized,  and  of  a red 
colour. 


SPECIES  VIII. 

Jafper  and  Calcedony. 

The  Mountain  of  Giants,  in  Bohemia,  af- 
fords this  ftone.  It  has  likewife  been  found 
in  the  Carpathian  mountains,  near  Kalkau  in 
Hungary.  A ftone  has  likewife  been  ODlerved 
at  Oberftein,  in  the  Palatinate,  compofed  o 
agate  and  jafper. 


i66 
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SPECIES  IX 


A.  . V . 

>.  i : i i ■ « T : 


Jafper  and  Quartz, 


This  compound  flone,  called  Saxum  Siberi- 
cum  by  Linnaeus,  has  been  found  in,  Siberia, 
and  alfo  .near  S.tutgard  in  the  Duchy  of  Wir- 
temburg. 


.vfSCI  sot. 


species  x. 
Jafper,  Quartz,  and  Feft  Spar. 


This  ftone  is  found  in  the  environs  of  Ge- 
neva. Its  ground  is  a jafper,. or  rather  a petro- 
filer,  black,  opake,  and  very  hard.  This  ma- 
trix? is  iriterfpetfed  with  fmall  r£<ftailgular  crys- 
tals ©F:white  fold  fpar,  fand  rounded  grains  of 
traiifparent  quartz.  Mr,  Be  Sau  flu  re,  who  has 
deferibed  this  fpecies,  places  it  among  the  por- 
phyries. 

?.  M l O a . : 

S p E.C  I E s.  XI. 

Schorl,  Garnet,  and  Tourmaline. 

Mr.  Muller  has  difeovered  in  Sehneeburgv  a 
mountain  of  the  territory  of  Sterz-ing  in  Tyrol, 
a rock  of  this  l&nd,  containing  large  cryftals  of 
tourmaline,  which  include  fmall  cry  flail  feed 
garnets,  tranfparent,  and  of  a red  colour. 

Mr. 
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Mr.  Ferber  affirms  that  he  found  between 
Faitftritz  and  Carnowitz  in  Stiria,  detached 
pieces  of  green  fchorl,  which  inclofe  large  red 
garnets  : he  adcb,  that  this  fchorl  is  fometimes 
fcaly,  and  of  a micaceous  texture.  r 

Mr.  De  Sauffure  has  found  in  the  environs  of 
Geneva,  ftones  wrorn  round bv  water. which  were 

9 . iJci 

compofed  of  fchorl  in  the  mafs,  and  garnet. 

The  Mediterranean  Sea  throws  up  on  our 
coaft  many  varieties  of  rounded  pebbles  of  por- 
phyry, which  have  fchorl  for  their  bafis. 


Super-comppund  Stones,  or  fuch  a$  refult  from 
the  Mixture  and  Re-union  of  feveral  different 
Genera. 

species  1. 

-,  •/  .*  : t 

Petrofilex,  Alumine,  and  Calcareous  Spar. 
This  ffone  is  found  at  Schneeburg  in  Saxony. 

SPECIES"  II. 

* * : * * - « .’i  1 * • • i • < . - Jti  * A 

Clay,  Steatites,  and  Calcareous  Spar. 

This  fpecies,  as  well  as  the  two  following,  are 
comprifed  under  the  name  of  Saxa  Glanduiofa, 
The  fteatites,  the  fpar,  and  the  other  fubffances 


are 
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are  difperfed  in  the  matter  which  forms  the 
ground  of  this  rock. 

SPECIES  III. 

Clay,  Zeolite,  Schorl,  and  Calcareous  Spar. 

species  iv. 

Clay,  Serpentine,  and  Calcareous  Spar. 
species  v. 

Serpentine,  Mica,  and  Calcareous  Spar. 

Mr.  Ferber  has  defcribed  this  laft  fpecies 
under  the  name  of  Polzevera ; a denomination 
fuggefted  to  him  by  the  place  where  it  is 
found. — See  his  Letters  on  Italy. 

species  vi. 

Serpentine,  Schorl,  and  Calcareous  Stone. 

This  (lone  furrounds  the  veins  of  the  mine 
of  St.  Simon  and  Jude,  at  Bognafta,  in  the 
Bannat  of  Temefward  : it  is  likewife  found  in 
the  copper  mines  of  Salka ; and  at  Hoferfchlag, 
near  Schemnitz,  in  Lower  Hungary. 


SPE* 
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SPECIES  VII. 

Steatites,  Mica,  and  Garnets. 

This  {tone  is  found  at  Handol  in  Jempter- 
land,  cowards  the  north  of  Sweden. — Born. 
Ind.  FofT.  par.  ii. 

SPECIES  VIII. 

Steatites,  Mica,  and  Schorl. 

This  ftone  was  found  at  Salbury  in  Weftman- 
land,  a province  of  Sweden. — Born,  Ind,  Foil*, 
par.  ii. 

SPECIES  IX. 

Garnets,  Quartz,  Mica,  and  Serpentine. 

This  contains  a fmall  quantity  of  pyrites.  It 
is  found  at  Pufterthal  in  Tyrol, — See  Bruck- 
mann. 

SPECIES  x. 

Feld  Spar,  Quartz,  Mica,  Steatites. 

Several  granites  are  formed  by  a mixture  of 
this  nature.  Such  are  found  at  Sunnefkog  in 
Sweden,  and  at  Guten  Hoffnanglban  near  Alt- 

wofchitz 
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wofehitz  in  Bohemia  : it  is  the  granites  Jleatit t 
inixtus  of  Born.  • 

species  xr. 

. 

Quartz,  Mica,  and  Clay. 

■ * • - • » < , 

This  rock  is  the  matrix  of  the  ore  of  tin  at 
Platte,  and  at  Gottefgab  in  Bohemia. 

.1:  : *.  - o : 

SPECIES.  XII. 

• Ai::.  (A  . I ' a t2-*>  i . . > 

Quartz,  Clay,  and  Steatites. 

. . : I 

This  is  found  at  Mount  St.  Godard  in  Swit- 
zerland. 

Concerning  the  Diamond. 

The  diamond  forms  ah  appendix  to  the  hif- 
toryof  flones.  Its  combuftibility  is  a charac- 
ter which  prevents  its  being  aflimilated  to  any 
known  fpecies.;  , , 

The  diamond  was  long  conlidered  as  the 
hardeft  and  moil  ponderous  of  flones,  as  well 
as  the  only  one  which  did  not  caufe  a double 
refradlion  ; but  fubfequent  obfervations  have 
deflroyed  thefe  early  notions.  The  adaman- 
tine fpar  appears  to  equal  it  in  hardnefs  ; the 
oriental  ruby,  and  the  jargon  of  Ceylon,  are 
more  ponderous  ; and  the  oriental  precious 

flones 
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flones  exhibit  one  refradlion  on!);,  as  does  like- 
wife  the  phofphoric  fpar. 

i'his  precious  ftone  is  found  on  the  coafi:  of 
Coromandel,  and  principally  in  the  kingdoms 
of  Golconda  and  Vifapour.  The  earth  which 
ferves  as  its  gangue  is.  red,  ochreous,  and  foils 
the  fingers. 

The  general  procefs  of  exploring  the  dia- 
mond mines  or  earths,  confifts  in  mixing  the 
earth  with  water,  after  which  the  fluid  is  pour- 
ed off,  and  the  land  which  remains  at  the  bot- 
tom is  dried  by  the  flrong  heat  of  the  fun. — . 
See  the  Memoirs  of  the  Comte  Marechal. 

Other  naturalifts  inform  us  that,  wThen  the 
earths  have  been  walked,  the  refldue  is  left  to 
dry,  and  is  lifted  in  bafkets  made  for  the  pur- 
pofe.  The  workmen  afterwards  feek  for  the 
diamonds  with  their  hands. 

Diamonds  in  their  native  date  are  covered 
with  two  crufts;  the  one  earthy,  and  the  other 
fparry. — Rome  de  Lille. 

When  lapidaries  undertake  to  work  them, 
they  are  obliged  to  find  the  grain  of  the  ftone, 
in  order  to  fplit  or  cleave  the  diamond.  If  the 
fra&ure  be  not  uniform,  they  call  the  ftone  a 
diamond  of  nature.  The  hardnefs  of  the  diamond 
is  fuch,  that  it  refills  the  moll  highly  tempered 
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fteel;  V'hich  circumftance  renders  it  neceffary* 
to  attack  it  by  diamond  powder. 

The  manner  or  form  in  which  diamonds  are 
cut,  diftinguiflies  them  into  rofe  diamonds,  and 
brilliants,  or  brilliant  diamonds.  The  brilliant 
diamond  is  cut  into  facets  on  both  fides.  The 
variety  of  forms  given  to  thefe  facets,  and  their 
different  inclinations  with  refpeCt  to  each  other, 
multiply  the  refractions,  and  contribute  to  afford 
thofe  reflections,  and  ftreams  of  pure  and  vivid 
light,  which  characterize  the  diamond. 

The  diamond  is  divided  into  two  kinds  ; the 
oriental  diamond,  and  the  Brazilian  diamond. 

The  oriental  diamond  cryftallizes  in  octahe- 
drons, and  exhibits  all  the  varieties  of  this  pri- 
mitive form. 

The  Brazilian  diamond  cryftallizes  in  dode- 
cahedrons. It  is  neither  fo  hard,  fo  heavy,  fo 
perfeCt,  nor  fo  valuable,  as  the  oriental  diamond . 

The  colourlefs  diamond  has  a fpecific  gra- 
vity which  is  in  proportion  to  that  of  water  as 
35,212  to  10,000.  Mr.  Briffon  has  derived 
this  fpecific  gravity  from  an  experiment  on  the 
Pitt  diamond  of  the  French  crown.  A cubic 
foot  of  this  diamond  w’ould  weigh  two  hundred 
and  forty-fix  livres,  feven  ounces,  five  gros, 
fixty-nine  grains. 
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The  diamond  is  fometimes  coloured  green, 
violet,  black,  &c.  The  green  are  the  mod: 
efteemed,  becaufe  they  are  the  moft  fcarce. 
The  weight  of  coloured  diamonds  is  more  con- 
fiderable  than  that  of  the  white  diamond  ; be- 
caufe it  is  augmented  by  the  weight  of  the  co- 
louring principle,  which  is  of  a metallic  nature. 

The  brilliancy,  hardnefs,  andfcarcity  of  the 
diamond  have  prefer ved  it  in  the  moil  extra- 
vagant degree  of  eflimation.  A diamond  is 
faid  to  be  of  a fine  water  when  it  prefents  no 
defedt  or  fpot ; and  the  price  is  proportioned  to 
its  purity. 

When  a diamond  is  without  fault,  its  value 
is  eftimated  according  to  its  weight;  which  is 
determined  or  divided  into  carats,  each  carat 
being  equivalent  to  about  four  grains. 

The  moft  beautiful  diamonds  hitherto  known 
are — i.  The  two  in  the  crown  of  the  king  of 
France ; one  of  which  is  the  Grand  Sancy,  weigh, 
ing  one  hundred  and  fix  carats ; and  the  other 
the  Pitt,  which  weighs  feven  gros,  twTenty-five 
grains  and  one  fixteenth.  It  is  fourteen  lines 
long,  thirteen  and  a half  broad,  and  nine  and 
one-third  thick.  2.  The  diamond  which  at 
prefent  belongs  to  the  Czar  weighs  feven  hun- 
dred and  feventy-nine  carats.  The  late  Em- 
prefs  purchafed  it  in  1772  for  twelve  tons  of 

gold 
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gold  ( i co, 0^0  florins),  and  granted  a penfion 
of  four  thou  fend  roubles  to  the  feller.  It  is 
pretended  that  this  fine  diamond  was  one  of 
thofe  which  ornamented  the  eyes  of  the  fa- 
mous ftatue  Schefihgham,  which  has  eight  eyes 
and  four  heads ; and  that  it  was  carried  off  by 
a French  deferter  who  had  procured  himfelf 
to  be  appointed  as  a guard  to  the  temple  of 
Brama.  This  diamond  was  at  firft  fold  for  fifty 
thoufand  livres,  afterwards  for  about  four  hun- 
dred thoufand  livres,  and  was  at  length  pur- 
chafed  by  the  Emprefs  of  RufTia. 

The  combuftibility  of  the  diamond  is  a phe- 
nomenon fufficiently  interefting  to  induce  us 
to  give  a faithful  extract  of  the  principal  expe- 
riments which  have  ferved  to  advance  our 
knowledge  upon  this  fubjedt. 

Boyle  obferved,  long  fince,  that  the  diamond, 
expofed  to  a violent  fire,  emitted  acrid  vapours. 

The  emperor  Francis  the  Firft  caufed  cruci- 
bles to  be  expofed  to  a reverberatory  fire  for 
twenty-four  hours,  into  which  veffels  the  value 
of  fix  thoufand  florins  in  diamonds  and  rubies 
were  put.  The  diamonds  difappeared,  but  the 
rubies  were  not  altered.  Thefe  experiments 
were  repeated  with  great  expence ; and  it  was 
afeertained  that  the  diamond  loft  its  polifh, 
fealed  off,  and  was  diftrpated. 
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The  Great  Duke  of  Tufcany,  in  1694,  caufed 
experiments  to  be  made  by  Mr.  Averoni  and 
Tafgioni,  by  the  mirror  of  Tfchirnaufen,  and 
it  was  found  that  the  diamonds  difappeared  in 
a few  minutes. 

In  1772,  thefe  experiments  were  refumed 
by  the  fkilful  chemifts  of  Paris — Darcet,  the 
Comte  de  Laraguais,  Cadet,  Lavoifier,  Mitou- 
ard,  Macquer,  &c.  The  details  of  the  intereft- 
ing  experiments  made  on  this  fubjedt  may  be 
feen  in  the  volumes  of  the  Academy  of  Sci- 
ences, and  the  Journaux  de  Phyfique,  of  that 
year.  We  fhall  limply  relate  the  refults. 

1.  Mefirs.  Darcet  and  the  Comte  de  Lara- 
guais  proved  that  the  diamond  is  volatilized  in 
balls  of  porcelain. 

2.  Mr.  Macquer  took  notice  that  the  diamond 
dilated  and  fwelled  up ; and  that  a blue  flame  was 
obfer vable  on  its  furface  during  the  combuftion. 

3.  Meflrs.  Lavoiflerand  Cadet  proved,  that 
the  combuftion  of  diamonds  in  clofed  veflels 
ceafed  as  foon  as  the  oxigene  was  deftroyed  ; 
and  that  the  diamond  did  not  burn  but  in  pro- 
portion to  the  oxigene  prefent,  like  all  other 
combuftible  fubftances.  The  jewellers,  who 
expofe  their  diamonds  to  very  violent  fires  to 
render  them  colourlefs,  are  careful  to  wrap  them 
up  in  fuch  a manner  as  to  fecure  them  from  the 
contadl  of  air. 
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Mr.  De  SaufTure  burned  a diamond  by  the 
blow-pipe:  Mr.  Lavoider  has  proved  that, 
when  it  is  expofed  to  the  burning  glafs,  a dud 
arifes  which  precipitates  lime-water. 

The  diamond  is  therefore  a combudible  fub- 
dance,  which  burns  in  the  fame  manner  as  other 
bodies.  This  dried  and  accurate  confequence 
is  deduced  from  all  the  experiments  which  can 
be  imagined  to  acquire  a perfedt  demond:  ition. 

Within  a few  years  chemids  have  difeovered 
a very  dngular  done,  to  which  the  nameof  Ada- 
mantine Spar  has  been  given  by  Bergmann. 

It  is  black,  and  fo  hard  that  its  powder  may 
be  ufed  to  cut  the  diamond ; from  which  cir- 
cumdance  it  has  obtained  its  name. 

It  crydallizes  in  hexahedral  or  dx-fided 
prifms,  two  of  which  are  large,  and  four  fmall. 

Its  fpecific  gravity  is  38,732  with  refpedt  to 
water,  which  is  aflumed  at  10,000.  See  Brif- 
fon. — The  cubic  foot  weighs  two  hundred  and 
feventy-one  livres,  one  ounce,  fevengros,  fix- 
ty-three  grains. 

The  mod  violent  fire  produces  only  a flight 
foftening  of  this  fpar,  according  to  the  experi- 
ments of  Mr.  Lavoider. 

The  analyfis  made  by  Mr.  Klaproth  of  this 
done,  has  exhibited  a peculiar  earth,  which  is 
fufpedled  to  be  likewife  one  of  the  principles 
of  precious  dones,  &c. 


GENE- 


GENERAL  VIEWS 


RESPECTING 

The  Decompojitions  and  Changes 

TO  WHICH  THE  STONY  PART  OF  OUR  GLOBE 
HAS  BEEN  SUBJECTED. 


IF  it  were  permitted  to  man  to  follow,  dar- 
ing feveral  ages,  the  various  changes  which 
are  produced  on  the  furface  of  our  globe  by 
the  numerous  agents  that  alter  it,  we  fhould  at 
this  time  have  been  in  poffeffion  of  the  mod 
valuable  information  refpedting  thefe  great 
phenomena : but  thrown,  as  we  are,  almoft  by 
accident,  upon  a fmall  point  of  this  vaft  thea- 
tre of  obfervation,  we  fix  our  attention  for  a 
moment  upon  operations  which  have  employed 
the  works  of  nature  for  ages ; and  we  are  un- 
able either  to  perceive  or  to  foretel  the  refults, 
becaufe  feveral  ages  are  fcarcely  fufficient  to 
render  the  effedts  or  changes  perceptible,  Na- 
Vol,  II.  N ture 
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ture  never  ceafes  to  exifl : her  activity  has  been 
coeval  with  the  exigence  of  matter  ; her  ope- 
rations are  not  circumfcribed  within  limited 
times  ; {he  difpofes  of  whole  ages  in  the  ar- 
rangement of  her  combinations ; while  man 
can  command  no  more  than  a few  inftants,  and 
himfelf  difappears  at  the  moment  wherein  he 
has  proceeded  fo  far  as  to  connedi  a few  fadts 
together.  Hence,  no  doubt,  it  arifes,  that 
nature  is  incomprehenfible  in  fome  of  her  ope- 
rations, and  inimitable  in  all  thofc  which  re- 
quire a long  feries  of  time. 

It  muff  be  allowed  that  thofe  men  who,  by 
the  mere  efforts  of  their  imagination,  have  en- 
deavoured to  form  ideas  refpedting  the  con- 
ftrudtion,  and  the  great  phenomena,  of  this 
globe,  have  numerous  titles  to  our  indulgence. 
In  their  proceedings  we  behold  the  efforts  of 
genius,  tormented  with  the  defire  of  acquiring 
knowledge,  and  irritated  at  the  profpedtof  the 
fcanty  means  which  nature  has  put  in  its  power: 
and  when  thefe  naturaliffs,  fuch  as  Mr.  De 
Buffon,  have  po ffe ffed  the  power  of  embellifhing 
their  hypothefes  with  every  ornament  which 
imagination  and  eloquence  can  furnifh,  either 
as  inffruments  of  illuiion  or  entertainment,  we 
ought  to  confider  ourfelves  indebted  to  them. 

For  our  part,*  we  fhall  confine  ourfelves  to 
3 exhibit 
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exhibit  a few  ideas  refpe&ing  the  fuccefilve 
decompofitions  of  our  planet,  and  fhall  endea- 
vour to  avoid  every  departure  from  obfervation 
and  matter  of  fad. 

The  flighted  obfervation  fhews  us  that  living 
beings  are  kept  up  and  perpetuated  only  by 
fuccefilve  decompofitions  and  combinations. 
A flight  view  of  the  mineral  kingdom  exhibits 
the  fame  changes  ; and  our  globe,  in  all  its 
productions,  prefents  continual  modifications, 
and  a circle  of  activity,  which  might  appear 
incompatible  with  the  apparent  inertia  of  li- 
thologic products. 

In  order  to  arrange  our  ideas  with  greater 
regularity,  Vve  may  confider  this  globe  in  two 
different  dates.  We  will  fird  examine  the  pri- 
mitive rock  which  forms  the  nodule  or  central 
part.  This  appears  to  contain  no  germ  of  life, 
includes  no  remains  or  part  of  any  living  be- 
ing, and  from  every  circumftance  appears  to 
have  been  of  primitive  formation,  anterior  to 
the  creation  of  animated  or  vegetating  bodies. 
We  fhall  purfue  the  various  changes  which  are 
daily  produced  by  the  dedrucf  ive  adion  of  fuch 
agents  as  alter  or  modify  this  fubdance. 

We  fhall  then  proceed  to  examine  what  dones 
have  been  fuccelTively  placed  upon  this,  and 
N 2 w?hat 
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what  are  the  decompofitions  to  which  thefe  fe- 
condary  rocks  have  been  fubjedted. 

i.  The  obfervations  of  naturalifts  all  unite 
to  prove  that  the  central  part  of  the  globe  con- 
fifts  of  the  Hone  known  by  the  name  of  Granite. 
The  profound  excavations  which  the  art  of 
man,  or  currents  of  water,  have  made  in  the 
furface  of  our  planet,  have  all  uncovered  this 
rock,  and  have  been  incapable  of  penetrating 
lower : we  may  therefore  confider  this  fubftance 
as  the  nucleus  of  the  globe ; and  upon  this  fub- 
ffance  it  is  that  all  matters  of  pofterior  forma- 
tion reft.  ) 

Granite  exhibits  many  varieties  in  its  form, 
compofition,  and  difpoiition:  but  it  in  general 
confifts  of  an  affemblage  of  certain  filiceous 
Hones,  fuch  as  quartz,  fchorl,  feld  fpar,  mica, 
&c.  *>  and  the  more  or  lefs  confiderable  magni- 
tude of  thefe  elements  of  granite,  has  caufed  it 
to  be  divided  into  coarfe-grained  granite,  and 
fine-grained  granite. 

It  appears  to  me  that  there  is  no  denying 
but  that  thefe  rocks  owe  their  arrangement  to 
water:  and  if  we  may  be  permitted  to  recur, 
by  an  effort  of  the  imagination*,  to  that  epocha 

in 

* This  is  the  firft  and  the  Iaft  fuppofition  in  which  I fhall  in- 
dulge myfclr.  It  is  a conjefture  however  which  is  indifferent 

with 
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in  which,  according  to  facred  and  profane  hif- 
torians,  the  water  and  earth  were  confounded, 
and  the  confufed  mixture  of  all  principles  form- 
ed  a chaos,  we  fhall  fee  that  the  laws  of  gravity 
inherent  in  matter  mu  ft  have  carried  it  down, 
and  necellarily  produced  the  arrangement  which 
obfervation  at  prefent  exhibits  to  us.  The  wa- 
ter, as  the  leaft  heavy,  muft  have  purified  itfelf, 
andarifen  to  the  furface  by  a filtration  through 
the  other  materials : while  the  earthy  princi- 
ples muft  have  precipitated,  and  formed  a mud, 
in  which  all  the  elements  of  ftones  were  con- 
founded. In  this  very  natural  order  of  things 
the  general  law  of  affinities,  which  continually 
tends  to  bring  together  all  analogous  parts,  muft 
have  exerted  itfelf  with  its  whole  activity  upon 
the  principles  of  this  almoft  fluid  pafte;  and  the 
refult  muft  have  been  a number  of  bodies  of  a 
more  definite  kind,  in  cryftals  more  or  lefs  re- 
gular : and  . from  this  muddy  fubftance,  in 
which  the  principles  of  the  ftones  were  con- 
founded that  compofe  the  granite,  a rock  muft 
have  been  produced,  containing  the  elementary 
ftones  all  in  pofleffion  of  their  diftind  forms  and 

with  refpeft  to  the  bafis  of  the  fubjeft  itfelf;  fince  it  relates 
only  to  an  hypothecs  refpeftingthe  manner  in  which  a rock 
might  be  formed  that  at  prefent  exifts,  and  whofe  decompo- 
fiticnsalone  can  form  the  fubjecl  of  our  obfervations. 

characters. 
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characters.  In  this  manner  it  is  that  we  ob- 
ferve  falts  of  very  different  kinds  develope 
themfelves  in  waters  which  hold  them  in  fo- 
lution;  and  in  this  manner  it  Hill  happens  that 
cryftals  of  fpar  and  gypfum  are  formed  in  clays 
which  contain  their  component  parts. 

It  may  eafily  be  conceived  that  the  laws  of 
gravitation  muff  have  influenced  the  arrange- 
ment and  difpofition  of  the  products.  The  molt 
grofs  and  heavy  bodies  muff  have  fallen,  and  the 
lighted  and  moft  attenuated  fubflances  muff 
have  arranged  themfelves  on  the  furface  of  the 
foregoing:  and  this  it  is  which  conffitutes  the 
primitive  fchifti,  thegneis,  the  rocks  of  mica, 
&e.  which  commonly  repofe  upon  maiTes  of 
coarfe- gained  granite. 

The  difpofition  cf  the  fine-grained  granite  in 
ft  rat  a or  beds,  appears  to  me  to  depend  on  this 
pofition,  and  the  finenefs  or  tenuity  of  its  parts. 
Being  placed  in  immediate  contaCt  with  water, 
this  fluid  muff  naturally  have  influenced  the 
arrangement  which  it  prefents  to  us;  and  the 
elements  of  this  rock  being  fubjeCted  to  the 
effeCf  of  waves,  and  the  aCfion  of  currents,  muff 
have  formed  ffrata. 

The  rocks  of  granite  being  once  efiabiifhed 
as  the  nucleus  of  our  globe,  we  may,  from  the 
analyfis  of  its  condiment  principles,  and  by  at- 
tending 
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tending  to  the  adtion  of  the  various  agents  ca- 
pable of  altering  it,  follow  the  degradations  to 
which  it  has  been  fubjedted,  ftep  by  ftep. 

Water  is  the  principal  agent  whofe  effedts 
we  fhall  examine. 

This  fluid,  collected  in  the  cavity  of  the 
ocean,  is  carried  by  the  winds  to  the  tops  of 
the  mod  elevated  mountains,  where  it  is  preci- 
pitated in  rain,  and  forms  torrents,  which  re- 
turn with  various  degrees  of  rapidity  into  the 
common  refervoir. 

This  uninterrupted  motion  and  fall  mufl 
gradually  attenuate  and  wear  away  the  hardefl 
rocks,  and  carry  their  pulverulent  parts  to  dis- 
tances more  or  lefs  confiderable.  The  adlion 
of  the  air,  and  the  varying  temperatures  of  the 
atmofphere,  facilitate  the  attenuation  and  the 
deftrudtion  of  thefe  rocks.  Heat  dries  their 
furface,  and  renders  it  more  acceffible  and 
more  penetrable  to  the  water  w hich  fucceeds; 
cold  divides  them,  by  freezing  the  water  which 
has  entered  into  their  texture ; the  air  itfelf  af- 
fords the  carbonic  acid,wrhich  attacks  thelime- 
ftone,  and  caufes  it  to  efflorefee;  the  oxigene 
unites  to  the  iron,  and  calcines  it:  infomuch 
that  this  concurrence  of  caufes  favours  the  dis- 
union of  principles;  and  confequently  the  ac- 
tion of  water,  w hich  clears  the  furface,  carries 

away 
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away  the  produ&s  of  decompofition,  and  makes 
preparation  for  a fucceeding  procefs  of  the 
fame  nature. 

The  firft  effeCl  of  the  rain  is  therefore  to  de- 
prefs  the  mountains.  But  the  dones  which 
compofe  them  mud  relid  in  proportion  to  their 
hardnefs  ; and  we  ought  not  to  be  furprifed 
w hen  we  obferve  peaks  which  have  braved  the 
dedru&ive  adion  of  time,  and  dill  remain  to 
atted  the  primitive  level  of  the  mountains  which 
have  difappeared.  The  primitive  rocks,  alike 
inacceflible  to  the  injury  of  ages  as  to  the  ani- 
mated beings  which  cover  lefs  elevated  moun- 
tains with  their  remains,  may  be  confidered  as 
the  fource  or  origin  of  rivers  arid  dreams.  The 
water  which  falls  on  their  fummits,  flows  down 
in  torrents  by  their  lateral  furfaces.  In  its  courfe 
it  wears  away  the  foil  upon  which  it  inceffantly 
ads.  It  hollows  out  a bed,  of  a depth  propor- 
tioned to  the  rapidity  of  its  courfc,  the  quantity 
of  its  waters,  and  the  hardnefs  of  the  rock 
over  which  it  flows;  at  the  fame  time  that  it 
carries  along  writh  it  portions  and  fragments  of 
fuch  dones  as  it  loofens  in  its  courfe. 

Thefe  dones,  rolled  along  by  the  watery  mud 
drike  together,  and  break  off  their  projecting 
angles : aprocefsthat mudquicklyhaveafforded 
thofe  rounded  flints  w’hich  form  the  pebbles  of 


rivers. 
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rivers.  Thefe  pebbles  are  found  to  diminifh. 
in  fize,  in  proportion  to  the  diflance  from  the 
mountain  which  affords  them  ; and  it  is  to  this 
caufe  that  Mr.  Dorthes  has  referred  the  dif- 
proportionate  magnitude  of  the  pebbles  which 
form  our  ancient  worn  ftones,  when  compared 
with  thofe  of  modern  date  : for  the  fea  extend- 
ing itfelf  formerly  much  more  inland,  in  the 
dire&ion  of  the  Rhone,  the  flones  which  it  re- 
ceived from  the  rivers,  and  threw  back  again 
upon  the  fhores,  had  not  run  through  fo  long  a 
fpace  in  their  beds  as  thofe  which  they  at  pre- 
fent  pafs  over.  Thus  it  is  that  the  remains  of 
the  Alps,  carried  along  by  the  Rhone,  have  fuc- 
ceflively  covered  the  vafl  interval  comprifed 
between  the  mountains  of  Dauphiny  and  Viva- 
rais  ; and  are  carried  into  our  feas,  which  de- 
pofit  them  in  fmail  pebbles  on  the  Hi  ore. 

The  pulverulent  remains  of  mountains,  or 
the  powder  which  refults  from  the  rounding  of 
thefe  flints,  are  carried  along  with  greater  faci- 
lity than  the  flints  themfelves  : they  float  fora 
long  time  in  the  water,  whofe  tranfparence  they 
impair  ; and  when  thefe  fame  waters  are  lefs 
agitated,  and  their  courfe  becomes  flackened, 
they  are  depoflted  in  a fine  and  light  pafte, 
forming  beds  more  or  left  thick,  and  of  the 
fame  nature  as  that  of  the  rocks  to  which  they 
owe  their  origin.  Thefe  ftrata  gradually  be- 


come 
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come  drier  by  the  agglutination  of  their  prin- 
ciples ; they  become  confident,  acquire  hard- 
nefs,  and  form  filiceous  clays,  (ilex,  petrofilex, 
and  all  the  numerous  clafs  of  pebbles  which 
are  found  difperfed  in  ftrata,  or  in  banks,  in  the 
ancient  beds  of  rivers. 

Mr.  Pallas  has  obferved  the  tranfition  of  clay 
to  the  date  of  filex  in  the  brook  of  Sunghir, 
near  Wolodimir.  Mr.  J.  W.  Baumer  has  like- 
wife  obferved  it  in  Upper  Heffe. 

The  mud  is  much  more  frequently  depofited 
in  the  interfaces  left  between  the  rounded  flints 
themfelves,  which  intervals  it  fills,  and  there 
forms  a true  cement  that  becomes  hard,  and 
conftitutes  the  compound  ftones  known  by  the 
name  of  pudding-flones  and  grit- ftones ; for 
thefe  two  kinds  of  ftones  do  not  appear  to  me 
to  differ  but  in  the  coarfenefsof  the  grain  which 
forms  them,  and  the  cement  which  connects 
them  together. 

We  fometimes  obferve  the  granite  fpontane- 
oufly  decompofed.  The  texture  of  the  ftones 
which  form  it  has  been  deftroyed  ; the  principles 
or  component  parts  are  difunited  and  feparated, 
and  they  are  gradually  carried  away  by  the  wa- 
ters. I have  obferved  near  Mende,  towards 
Caftelnouvel,  the  moft  beautiful  kaolin  on  the 
furface  of  a granite,  in  a ftatc  of  decompofition ; 

and 
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and  this  fame  rock  is  decompofed  in  feveral 
other  partsof  our  province.  It  appeared  to  me 
that  the  feld  fparwas  particularly  fubjed  to  be 
altered  the  firfl. 

Moft  filiceous  flones,  formed  by  the  depofl- 
tion  of  fluviatile  waters,  and  hardened  by  the 
lapfe  of  time,  are  eaiiiy  fubjeded  to  a fecond 
decompofition.  Iron  is  the  principal  agent  of 
thefe  fecondary  alterations  ; and  its  calcination, 
determined  by  air  or  water,  produces  a difunion 
of  principles.  Nature  may  be  obferved  in  this 
procefs,  by  an  attentive  examination  of  fuch  al- 
terations as  gun  flints,  variolites,  porphyries, 
jafpers,  and  the  like,  are  fubjeded  to. 

The  decompofition  of  flints,  calcedonies, 
agates,  and  generally  all  flones  of  this  kind 
which  poflefs  a certain  degree  of  tranfparence, 
appears  to  me  to  be  referable  to  the  volatiliza- 
tion of  the  water,  which  forms  one  of  their  prin- 
ciples, and  is  the  caufe  of  their  tranfparency. 

Thefe  flones  may  be  confidered  as  com- 
mencements of  cryftallization ; and,  when  the 
water  is  diflipated,  they  efflorefee  after  the  man- 
ner of  certain  neutral  falts.  Hence  it  arifes 
that  the  decompofition  is  announced  by  opacity, 
a white  colour,  lofs  of  confiftence,  and  hardnefs ; 
and  terminates  by  forming  a very  attenuated 
powder,  fometimes  of  extreme  whitenefs.  It  is 

this 
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this  decompofition,  more  particularly,  which 
forms  clays. 

There  are  flints  whofe  alterations  form  effer- 
vefcent  marles.  Thefe  do  not  appear  to  me  to  be 
of  the  nature  of  primitive  rocks  : they  have  the 
lame  origin  as  the  calcareous  Hones,  from  which 
they  differ  only  in  confequence  of  a very  con- 
liderable  proportion  of  clay.  The  Hones  which 
we  fo  abundantly  find  of  this  nature  around  us, 
among  calcareous  decompofitions,  maybe  con- 
fidered  as  of  this  kind. 

Water  filtrating  through  mountains  of  pri- 
mitive rock,  frequently  carries  along  with  it 
very  minutely  divided  particles  of  quartz;  and 
proceeds  to  form,  by  depofition,  ftaladites, 
agates,  rock  cry  Hal,  &c. 

Thefe  quartzofe  ftaladtites,  differently  co- 
loured, are  of  a formation  confiderably  analo- 
gous to  that  of  calcareous  alabafters ; and  we 
perceive  no  other  difference  between  them 
than  that  of  their  condiment  parts. 

II.  Thus  far  we  have  exhibited,  in  a few 
words,  the  principal  changes,  and  various  mo- 
difications, to  which  the  primitive  rocks  have 
been  fubjeded.  We  have  not  yet  obferved 
either  germination  or  life;  and  the  metals,  ful- 
phur,  and  bitumens,  have  not  hitherto  prefented 
themfclves  to  our  obfervation.  Their  forma- 


tion 
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lion  appears  to  be  pofterior  to  the  exigence  of 
this  primitive  globe ; and  the  alterations  and 
decompolitions  which  now  remain  to  be  en- 
quired into,  appear  to  be  produced  by  the  clafs 
of  living  or  organized  beings. 

On  the  one  hand,  we  behold  the  numerous 
clafs  of  {hell  animals,  which  caufe  the  ftony 
mafs  of  our  globe  to  increafe  by  their  remains. 
The  fpoils  of  thefe  creatures,  long  agitated  and 
driven  about  by  the  waves,  and  more  or  left 
altered  by  collilion,  form  thofeftrata  and  banks 
of  lime-ftone,  in  which  we  very  often  perceive 
impreflions  of  thofe  {hells  to  which  they  owe 
their  origin. 

On  the  other  hand,  we  obferve  a numerous 
quantity  of  vegetables  that  grow  and  periih  in 
the  fea  ; and  thefe  plants  likewife,  depohted 
and  heaped  together  by  the  currents,  form 
{frata,  which  aredecompofed,  lofe  their  organi- 
zation, and  leave  all  the  principles  of  the  ve- 
getable confounded  with  the  earthy  principle. 
It  is  to  this  fource  that  the  origin  of  pit-coal, 
and  fecondary  fchiftus,  is  ufually  attributed  ; 
and  this  theory  is  eftablifhed  on  the  exigence 
of  the  texture  of  decompofed  vegetables  very 
ufually  feen  in  fchiftiand  coal,  and  likewife  on 
the  prefence  of  {hells  and  fifh  in  mod  of  thefe 
produ&s. 


It 
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It  appears  to  me  that  the  formation  of  pyrites 
ought  to  be  attributed  to  the  decompofition  of 
vegetables  : it  exifts  in  greater  or  lefs  abun- 
dance in  all  fchifti  and  coal.  I have  found  a 
'wooden  fhovel  buried  in  the  depofitions  of  the 
river  De  Ceze,  converted  into  jet  and  pyrites. 
The  decompofition  of  animal  fubftances  may 
be  added  to  this  caufe  : and  it  appears  to  me 
to  be  a confirmation  of  thefe  ideas,  that  we  find 
many  fhells  palled  to  the  (fate  of  pyrites. 

Not  only  the  marine  vegetables  form  confi- 
derable  flrata  by  their  decompofition  ; but  the 
remains  of  thofe  which  grow  on  the  furface  of 
the  globe  ought  to  be  conlidered  among  the 
caufes  or  agents  which  concur  in  producing 
changes  upon  that  furface. 

We  fhail  fcparatdy  confider  how  much  is 
owing  to  each  of  thefe  caufes  ; and  fhail  follow' 
the  effects  of  each,  as  if  that  caufe  alone  were 
employed  in  modifying  and  altering  our  planet. 

1.  The  calcareous  mountains  are  conftantly 
placed  upon  the  furface  of  the  primitive  moun- 
tains ; and  though  a few  folitary  obfervations 
prefent  a contrary  order,  we  ought  to  confider 
this  inverfion  and  derangement  as  produced  by 
fliocks  which  have  changed  the  primitive  dif- 
poiition.  I muft  obferve  alfo  that  the  difor- 
der  is  fometimes  merely  apparent;  and  that 

fome 
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fome  naturalids  of  little  information  have  de- 
fcribed  calcareous  mountains  as  inclining  be- 
neath the  granite  becaufe  this  lad  pierces,  as 
it  were,  through  the  envelope,  rifes  to  a greater 
height,  and  leaves  at  its  feet,  almod  beneath  it, 
the  calcareous  remains  depofited  at  its  bafe. 

Sometimes  even  the  lime-done  fills  to  a very 
great  depth  the  crevices  or  clefts  formed  in  the 
granite.  I have  feen  in  Gevaudan,  towards 
Florae,  a profound  cavity  in  the  granite  filled 
with  calcareous  done.  This  vein  is  known  to 
pofFefs  a depth  of  more  than  one  hundred  and 
fifty  toifes,  with  a diameter  of  about  two  or 
three. 

Jt  likewife  happens  frequently  enough  that 
fuch  waters  as  are  loaded  with  the  remains  of 
the  primitive  granite,  heap  them  together,  and 
form  fecondary  granites,  which  mayexid  above 
the  calcareous  done. 

Thefe  calcareous  mountains  are  decompofed 
by  the  combined  a&ion  of  air  and  water ; and 
the  prodinft  of  their  decompodtion  fometimes 
forms  chalk  or  marie. 

The  lightnefs  of  this  earth  renders  it  eafy  to 
be  tranfported  by  water  * and  this  fluid,  which 
does  not  pofFefs  the  property  of  holding  it  in 
folution,  foon  depofits  it  in  the  form  of  gurhs^, 
alabaders,  daladtites,  &c.  Spars  owe  their  for- 
mation 
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mation  to  no  other  caufe.  Their  cryRallization 
is  poRerior  to  the  origin  of  calcareous  moun- 
tains. 

Waters  wear  down  and  carry  away  calcareous 
mountains  with  greater  eafe  than  the  primitive 
mountains  : their  remains  being  very  light,  are 
rolled  along,  and  more  or  lefs  worn.  The  frag- 
ments of  thefe  rocks  are  fometimes  connected 
by  a gluten  oy  cement  of  the  fame  nature  ; from 
which  procefs  calcareous  grit  and  breccias arife. 
Thefe  calcareous  remains  formerly  depolited 
themfelves  upon  the  quartzofe  land  ; and  the 
union  of  primitive  matter,  and  fecondary  pro- 
ducts, gives  rife  to  a rock  of  a mixed  nature, 
which  is  common  in  our  province. 

2.  The  mountains  or  fecondary  fchiRus  fre- 
quently exhibit  to  us  a pure  mixture  of  earthy 
principles,  without  the  fmalleft  veltige  of  bitu- 
men. Thefe  rocks  afford,  by  analylis,  filex, 
alumine,  magnelia,  lime  in  the  Rate  of  carbo- 
nate, and  iron  ; principles  which  are  more  or 
lefs  united,  and  confequently  acceffible  in 
various  degrees  to  the  action  of  fuch  agents  as 
deffroy  the  rocks  hitherto  treated  of. 

Thefe  fame  principles,  when  difunited,  and 
carried  away  by  waters,  give  rife  to  a great  part 
of  the  Rones  which  we  have  comprifed  in  the 
magnefian  genus.  The  fame  elements,  worn 

down 
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down  by  the  waters,  and  depoftted  under  cir-- 
cumftances  proper  to  facilitate  cryftallization, 
form  the  fchorls,  tourmaline,  garnets,  &c. 

We  do  not  pretend  by  this  to  exclude  and 
abfolutely  reject  the  fyftem  of  fuch  naturalifts 
as  attribute  the  formation  of  magneftan  ftones 
to  th,e  decompofttion  of  the  primitive  rocks,. 
But  we  think  that  this  formation  cannot  be  ob- 
jected to  for  feveral  of  them,  more  efpecially 
fuch  as  contain  magnefta  in  the  greateft  abun- 
dance. 

It  frequently  happens  that  the  fecondary 
fchifti  are  interfperfed  with  pyrites ; and,  in 
this  cafe,  the  limple  contact  of  air  and  water 
facilitates  their  decompofttion.  Sulphuric 
acid  is  thus. formed,  which  combines  with  the 
various  conftituent  principles  of  this  ftone; 
whence  refult  the  fulphates  of  iron,  of  magne-. 
iia,  of  alumine,  and  of  lime,  which  efflorefce 
at  the  furface,  and  remain  confounded  together. 
Schifti  of  this  nature  are  wrought  in  moft  places 
where  alum  works  have  been  efiablifhed^  and. 
the  moft  laborious  part  of  this  undertaking 
conlifts  in  feparating  the  fulphates  of  iron,  of 
lime,  and  of  magnefta  from  each  other,  which 
are  mixed  together.  Sometimes  the  magnefta 
is  fo  abundant  that  its  fulphate  predominates  ; 
I have  feen  mountains  of  fchiftus  of  this  nature. 
Vo l.  II.  O The 
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The  fulphate  of  lime  being  very  fparingly  fo- 
luble  in  water,  is  carried  away  by  that  liquid, 
and  depofited  to  form  gypfum  ; while  the  other 
more  foluble  falts,  remaining  fufpended,  from 
vitriolic  mineral  waters. 

The  pyritous  fchifti  are  frequently  impreg- 
nated with  bitumen,  and  the  proportions  con- 
ftitute  the  various  qualities  of  pit-coal. 

It  appears  to  me  that  we  may  lay  it  down  as 
an  irtconteftable  principle,  that  the  pyrites  is 
abundant  in  proportion  as  the  bituminous  prin- 
ciple is  more  fear ce.  Hence  it  arifes,  that  coals 
of  a bad  quality  are  the  moff  fulphureous,  and 
deftroy  metallic  Veffels  by  converting  them  into 
pyrites.  The  focus  of  volcanos  appears  to  be 
formed  by  a fchiftus  of  this  nature ; and  in  the 
analyfes  of  the  ftony  matters  which  are  ejedted 
we  find  the  fame  principles  as  thofe  which  con- 
ftitute  this  fchiftus.  We  ought  not  therefore 
to  be  much  furprifed  at  finding  fchorls  among 
volcanic  produces;  and  ftill  lefs  at  obferving 
that  fubterranean  fires  throw  fulphuric  falts, 
fulphur,  and  other  analogous  products,  out  of 
the  entrails  of  the  earth. 

3.  The  remains  of  terreftrial  vegetables  ex- 
hibit a mixture  of  primitive  earths  more  or  lefs 
coloured  by  iron:  we  may  therefore  confider 
theft?  as  a matrix  in  which  the  feeds  of  all  ftony 
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combinations  are  difperfed.  The  earthy  prin- 
ciples affort  themfelves  according  to  the  laws 
of  their  affinities  ; and  form  cryftals  of  fpar,  of 
plafter,  and  even  the  rock  cryftals,  according  to 
all  appearance : for  we  find  ochreous  earths  in 
which  thefe  cryflals  are  abundantly  difperfed; 
we  fee  them  formed  almoft  under  our  eyes.  I 
have  frequently  obferved  indurated  ochres  full 
of  thefe  cryflals  terminating  in  two  pyramids. 

The  ochreous  earths  appear  to  me  to  deferve 
the  greatefl  attention  of  naturalifls.  They  con- 
ftitute  one  of  the  moft  fertile  means  of  addon 
which  nature  employs;  and  it  is  even  in  earths 
nearly  fimilar  to  thefe  that  fhe  elaborates  the 
diamond,  in  the  kingdoms  of  Golconda  and 
Vifapour.  If  it  were  allowable  to  indulge  in  a 
fidion  purely  poetical,  we  might  affirm  that  the 
element  of  fire,  fo  far  from  being  loft  by  the 
difperfion  of  the  combuftible  principles  of  ve- 
getables, becomes  purified  to  form  this  precious 
(lone  fo  eminently  combuftible ; that  nature  has 
been  defirous  of  proving  that  the  terms  De- 
flrudion  and  Death  are  relative  only  to  the  im- 
perfedion  of  our  fenfes  5 and  that  fhe  is  never 
more  fruitful  than  when  we  fuppofe  her  to  be 
at  the  moment  of  extindion. 

The  fpoiis  of  animals,  which  live  on  the  fur- 
face  of  the  globe,  are  entitled  to  fome  confider- 
O 2 ation. 
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ation  among  the  number  of  caufes  which  we 
affign  to  explain  the  various  changes  our  planet 
is  fubjedted  to.  We  find  bones  in  a ftate  of 
conliderable  prefervation  in  certain  places ; we 
can  even  frequently  enough  diftinguifh  the  fpe- 
cies  of  the  animals  to  which  they  have  belonged. 
From  indications  of  this  fort  it  is  that  fome 
writers  have  endeavoured  to  explain  the  dis- 
appearance of  certain  fpecies ; and  to  draw  con- 
clufions  from  thence,  either  that  our  planet  is 
perceptibly  cooled,  or  that  a fenfible  change 
has  taken  place  in  the  pofition  of  the  axis  of 
the  earth.  The  phofphoric  falts  and  phofpho- 
rus  which  have  been  found,  in  our  time,  in 
combination  with  lead,  iron,  &c.  prove  that, 
in  proportion  as  the  principles  are  difengagecl 
by  animal  decompoliticn,  they  combine  with 
other  bodies,  and  form  the  nitric  acid,  the 
alkalis,  and  in  general  all  the  numerous  kinds 
of  nitrous  falts. 
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PART  III. 

CONCERNING  METALLIC  SUBSTANCES. 


INTRODUCTION. 

s • 

METALLIC  fubftances  are  diftinguifhed 
from  all  the  other  productions  of  our 
globe,  by  an  abfolute  opacity,  a much  greater 
fpecific  gravity  than  that  of  any  other  fubftance, 
and  a degree  of  brilliancy  peculiar  to  bodies  of 
this  clafs. 

The  multiplicity  of  ufes  to  which  metals  are 
applied  in  the  arts,  and  in  medicine,  as  well  as 
the  place  which  they  occupy  in  the  natural 
hiftory  of  our  planet,  render  the  ftudy  of  them 
both  interefting  and  necelfary. 

i . One  of  the  diftinCtive  characters  of  metals 
is  their  opacity.  The  molt  opake  ftone,  divided 
into  very  thin  laminae,  becomes  tranfparent ; 
whereas  the  thinned:  plate  of  metal  preferves 

the 
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the  fame  opacity  as  the  mafs  itfelf*.  Thus 
truly  charaXeriftic  property  has  induced  artifts 
to  employ  metals  to  refleX  the  images  of  ob- 
jects. A thin  covering  of  tinand  mercury  fixed 
on  the  furface  of  a glafs,  forms  a mirror  or  look- 
ing-glafs;  and  well-polifhed  fteel  conftitutes 
the  mirrors  of  telefcopesf.  The  hardnefs  of  a 
metal  contributes  lingularly  to  facilitate  the  re- 
flexion of  objeXs,  as  it  renders  it  capable  of 
taking  a very  fine  pojifh : but  its  colour  muft 
neceflarily  concur  to  render  it  perfeX;  for  thefe 

* Gold  excepted  ; which,  when  beaten  into  leaf  of  about 
the  two  hundred  and  eighty  thousandth  part  of  an  inch  in 
thicknefs,  tranfmits  light  of  a beautiful  green  colour.  It  is 
highly  probable  that  other  metals  would  become  tranfparent 
if  they  could  be  mechanically  divided,  or  beaten  out  into  la- 
mina of  fufficient  thinnefs,  or  if  artifts  had  fufficient  mo- 
tives to  attempt  it. 

See  Newton  on  Light  and  Colours,  for  the  proofs  on  which 
he  grounds  his  general  inference — that  all  bodies  are  tranf- 
parent when  fufficiently  divided.  T. 

+ I do  not  find  that  fteel  has  ever  been  in  general  ufe  for 
reflecting  telefcopes,  though  it  has  doubtlefs  been  tried  among 
the  many  experiments  made  for  the  improvement  of  thefe  in- 
ftruments.  A kind  of  bell  metal,  confifting  of  one-third  tin, 
and  two-thirds  copper,  is  commonly  employed  for  this  pur- 
pofe  : the  addition  of  about  a fiftieth  part  of  arienic  Angu- 
larly contributes  to  the  clofenefs  of  its  grain.  On  this  fubjeft 
confult  the  Treatife  of  Mr.  Edwards,  annexed  to  the  Nauti- 
cal Almanac  for  1787.  T. 
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tinges  caufe  it  to  abforb  a greater  or  Iefs  quan- 
tity of  the  rays.  The  great  defed  of  metallic 
mirrors  is,  that  their  furface  becomes  tarnifned 
by  the  inevitable  alteration  which  the  addon  of 
the  air  and  moifture  muft  produce. 

2.  The  relative  weight  is  likewife  a charac- 
ter by  which  we  may  diftinguifh  a metallic 
fijbftance.  A cubic  foot  (French)  of  marble 
weighs  190  pounds  (livres)  ; a cubic  foot  of 
tin  weighs  510;  and  a cubic  foot  of  gold 
1348. 

The  metals,  in  general,  likewife  poffefs  the 
facility  of  being  extended  and  flattened  ’syhen 
ftruck,  or  fubjeded  to  a ftrong  and  gradual 
preflure ; this  property  is  known  by  the  name 
of  Dudility.  All  the  metals  do  not  poflefs  this 
quality;  but  thofe  w’hich  poflefs  the  metallic 
qualities  molt  eminently,  exhibit  this  likewife. 
We  may  diftinguifh  three  ftates  of  dudility  re- 
lative to  the  manner  in  which  it  is  modified  by 
various  known  procefles.  1.  Dudility  under 
the  hammer.  2.  Dudility  through  the  plate  of 
the  wire-drawer.  3.  Dudility  between  the  la- 
minating rollers. 

Metals  dudile  under  the  hammer  prefent 
themfelves  in  the  following  order  : Gold,  Sil- 
ver, Copper,  Iron,  Tin,  and  Lead. 

Metals  dudiie  through  the  wire-drawer’s 

plate 
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plate  form  the  following  feries : Gold,  Iron, 
Copper,  Silver,  Tin,  and  Lead. — As,  in  the 
operation  of  wire-drawing,  the  metal  is  rtrong- 
1 y drawn,  to  caufe  it  to  pafs  through  holes  of 
various  diameters,  and  to  reduce  it  into  threads, 
the  metals  do  not  refifb  this  prodigious  exten- 
flon  but  in  proportion  to  their  greater  or  lefs 
tenacity.  Mr.  De  Fourcroy  has  therefore  dif- 
tinguifhed  this  ductility  from  the  foregoing, 
by  attributing  it  merely  to  the  tenacity  of  the 
metals. 

There  are  fome  metals  which  are  not  du&ile 
either  under  the  hammer  or  through  the  wire- 
drawer’s  plate,  but  become  very  conflderably 
fo  when  an  equal  and  gradual  preifure  is  appli- 
ed. Zinc  is  of  this  nature.  Mr.  Sage  has  re- 
duced it  into  very  thin  and  very  flexible  leaves, 
by paffing  it  between  the  laminating  cylinders. 

Heat  a flirts  the  ductility  of  all  metals,  by 
feparating  their  integrant  parts,  and  forming 
fpacesor  interflices  which  permit  the  compreff- 
ed  molecules  to  flatten  and  extend  themfelves. 
This  circumrtance  has  induced  artifts  to  avail 
themfelves  of  the  aflirtance  of  heat  in  the 
working  of  metals.  Without  this  precaution 
they  would  either  become  hard,  or  crack  ; be- 
caufe  the  particles,  being  too  near  each  other, 
would  be  no  longer  capable  of  giving  way  un- 
der the  hammer. 
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The  dudlility  of  metals  permits  us  to  fafhion 
them  as  we  think  fit ; and  it  is  upon  this  admi- 
rable property  that  almoftall  thearts  are  founded 
which  relate  to  the  working  of  metals.  With- 
out this  property,  metallic  bodies  would  con- 
fi  ft  either  of  fhapelefs  maiTes,  or  large  pieces  of 
fuch  figures  as  cafting  might  produce.  But 
we  fhould  be  deprived  of  the  number  of  vari- 
ous objedts  which  the  arts  have  fucceffively  af- 
forded to  fupply  our  wants  or  luxuries. 

Nature  very  feldom  prefents  us  with  metals 
poflelTed  of  the  degrees  of  perfection  here  enu- 
merated. She  has  concealed  them  in  the  bow- 
els of  the  earth,  combined  with  various  fub- 
flances  ; which,  by  mafking  or  changing  the  me- 
tallic properties,  have  left  to  the  induftryof  man 
the  laborious  tafk  of  extracting  them,  clearing 
them  of  their  original  combinations,  and  giving 
them  the  valuable  qualities  which  are  peculiar 
to  metals.  The  metals,  thus  buried  and  con- 
cealed, form  ores.  Thefe  ores  ufually  exift  in 
clefts  or  crevices  of  rocks,  which  are  diftin- 
guifhed  by  the  name  of  Veins.  Thefe  veins  are 
more  or  lefs  inclined  to  the  horizon  ; and  the 
degrees  of  inclination  have  caufed  them  to  be 
diftinguifhed  by  the  names  of  diredt,  oblique, 
inclined,  or  level  veins,  according  to  the  angle 
they  make  with  the  horizon.  The  part  of  the 

rock 
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rock  which  refts  upon  the  fuperior  part  of  the 
vein,  is  called  the  Roof : and  that  part  upon 
which  the  vein  itfelf  refts,  is  called  the  Bed  of 
the  vein.  Thefe  veins  are  of  various  breadths, 
and  are  accordingly  diftinguifhed  by  the  names 
of  Slips  or  Veins. 

They  poflefs  a greater  or  lefs  degree  of  con- 
tinuity, according  to  which  they  are  diftinguifh- 
ed by  the  names  of  continued  or  broken  veins  ; 
and  when  the  ore  is  found  in  fpherical  parts  or 
maffes,  from  fpace  to  fpace,  thefe  mafles  arc 
called  Bellies  or  Stock- w orks.  A vein  which 
does  not  penetrate  to  a conftderable  depth  in 
the  earth,  is  called  by  us  Coureur  de  Gazan . 

The  characters  from  which  mineralogifts  pre- 
tend to  affert  the  exiftence  of  an  ore  in  the 
bowels  of  the  earth,  are  all  equivocal  and  fuf- 
picious.  The  favage  afpect  of  a mountain,  the 
nature  of  the  plants  which  grow  upon  it,  the  ex- 
halations which  arife  from  the  earth,  all  afford 
characters  too  doubtful  for  a reafonable  man  to 
rifk  his  fortune  upon  fuch  indications  alone. 
The  dipping  wand,  or  divining  rod,  is  the  fruit 
of  fuperftition  and  ignorance:  and  the  ridicule 
which  has  been  fucceffively  thrown  upon  this 
clafs  of  impoftors,  has  diminifhed  their  num- 
ber i at  the  fame  time  that  the  numerous  dupes 

of 
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of  this  clafs  of  men  have,  rendered  their  fuc- 
ceffors  more  prudent. 

The  nature  of  the  flones  which  compofe  a 
mountain  is  capable  of  furmfhing  fome  indica- 
tions. We  know,  for  example,  that  ores  are 
feldom  found  in  granite,  and  the  other  primi- 
tive mountains ; we  know  likewife  that  moun- 
tains of  too  modern  a formation  contain  them 
very  rarely;  and  we  find  them  only  in  fecon- 
dary  mountains,  in  which  the  fchiflus  and  an- 
cient calcareous  flone  are  void  of  all  impref- 
fions  of  fhells . 

The  prefence  of  ponderous  fpar,  forming  a 
ffratum  or  vein  at  the  furface  of  the  earth,  has 
been  confidered  by  many  mineraiogifls  as  a 
very  good  indication.  It  appears  to  me  even 
that  this  flone  is  the  fame  which  Becher  has 
fpoken  of  in  his  works,  under  the  name  of  Vi- 
trifiable  Earth,  which  he  confidered  as  a prin- 
ciple of  metals;  and  that  it  has  been  very  im- 
properly taken  for  quartz  by  his  readers. 

The  verifiable  flone  of  Becher — “ lapidis 
fpecies  quae  in  igne  fluit,  et  fluens  vitrum  ex- 
hibet,” — and  elfewhere,  <c  tranfparens  enim 
nonnihileA,albus,etquaAargenteis  foliis  inter- 
fperfus,  ad  ignem  facile  liquabilis,’  * — was  confi- 
dered by  him  as  a certain  indication  of  the  pre- 
fence of  ores,  as  appears  by  the  following  pafiage : 

<c  Sine 
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,c  Sine  quo  lapide,  nulla  minera  bona  eft,  nec 
fertilitatem  promittit ; adeo  enim  ifte  lapis  mi- 
neris  neceflarius  eft,  ut  vel  nude,  et  fine  ullo 
-metal Lo,  inmontibus  exiftens,  infallibile  lignum 
futuri  metalli  fit ; quod,  hoc  figno  freti,  non  fine 
magnis  interdum  fumptibus,  quasrunt  minera- 
rum  indagatores ; hanc  ergo  five  terram  five  la- 
pidem,non  fine  pregnantibus  caufis,  pro  prin- 
cipio  primo  omnium  metallorum,  minerarum, 
etlapidumacgemmarum,  ftatuimus  etagnofei- 
mus ; certis  freti  experimentis,  utin  fequentibus 
demonftrabimus,  quibus  evincere  polfumus 
praefatam  terram  acftu  in  metallis  et  mineralibus 
omnibus,  nec  non  lapidibus  et  gemmis,  exiftere, 
eorumque  mixtum  ut  balim  et  fundamentum 
ingredi ; unde  ea  hypoftafin  fuam,  oppofitatem, 
diaphaneitatem,  et  fluxum  nancifcuntur  ..... 
Haec  ergo  terra  non  modo  cum  prefens  adeft 
infallibile  fignum  alfuturi  metalli  ell,  fed  et  ab- 
fens  idem  lignum  exiftit,  defuturi  nempe  me- 

talli defeeftus  hujus  terrae  proxima  etfre- 

quentiftimacaufafterilium  minerarum  exiftit.  . 
. . lapis  de  quo  egimus,  non  modo  ut  matrix, 
fed  ut  ingrediens  et  principium.” 

When  we  polfefs  indications  of  the  exiftence 
of  an  ore  in  any  place,  we  may  ufe  the  borer,  to 
-confirm  or  deftroy  thefe  fufpicions,  at  a fmall 
expence. 

It 
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It  frequently  happens  that  the  veins  are  naked 
or  uncovered  : the  mixture  of  (iones  and  metals 
formsakind  of  cement  which  refills  thedeftriic- 
live  adlion  of  time  longer  than  the  reft  of  the 
mountain  ; and  as  thefe  parts  of  rocks/  cbn- 
nedted  by  a metallic  cement,  prefent  a ftronger 
reliftance  to  theadlion  of  waters,  which  incef- 
fantly  corrode  and  diminifh  mountains,  and 
carry  away  their  parts  into  the  fea,  we  frequently 
obferve  the  veins  projecting  on  the  tides  of 
mountains  incrufted  with  fome  flight  metallic 
impreflion  altered  by  the  lapfe  of  time. 

Before  we  proceed  to  treat  of  metallic  works 
in  the  large  way,  it  will  be  proper  to  explain  the 
methods  of  judging  of  the  nature  and  value  of 
an  ore,  in  order  that  the  members  of  fociety  may 
not  rafhly  hazard  their  fortunes.  The  nature 
of  an  ore  is  judged  from  infpedlion.  A flight 
acquaintance  with  this  fubjedt  is  fufficient  to 
enable  the  obferver  to  form  an  immediate  judg- 
ment of  the  nature  of  an  ore.  The  blowup ipe 
is  an  inftrument  by  the  afli (lance  of  which  we 
may  in  a fhort  fpace  of  time  become  acquainted 
likewife  with  the  fpecies  of  theore.  This  know- 
ledge forms  the  docimaflic  art,  or  docimalia. 
In  order  to  make  the  alfay  of  an  ore,  in  gene- 
ral (for  all  ores  do  not  require  the  fame  pro- 
cefs,  as  we  (hall  hereafter  obferve),  fmall  pieces 

of 
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of  the  mineral  areexamined.  Thefe  are  cleared 
from  foreign  and  ftony  fubftances  as  much  as 
polflble.  The  pure  mineral  is  then  pounded* 
and  a certain  quantity  weighed,  which  is  torre- 
fied in  a veflel  larger  and  lefs  deep  than  a com- 
mon crucible.  By  this  means  the  fulphur  or 
the  arfenic  in  combination  with  the  metal  arc 
diflipated  ; and  by  the  lofs  of  weight  refulting 
from  the  calcination,  a judgment  is  formed  of 
the  proportion  of  foreign  volatile  matter  it  con- 
tained. 

This  firft  operation  fhewsthe  proportion  and 
quantity  of  fulphur  and  arfenic  which  may  be 
mixed  with  the  metal.  The  fulphureous  fmell 
may  eafily  be  diftinguifhed  from  the  fmell  of 
garlic,  which  characterizes  arfenic.  Thefe  fo- 
reign fubftances  mixed  with  the  metal  are  called 
Mineralizers. 

In  order  to  obtain  an  accurate  judgment  of 
the  weight  of  the  mineralizer,  the  augmentation 
in  weight  which  the  metal  has  undergone  in 
palling  from  its  metallic  ftate  to  that  of  oxide 
or  calx,  muft  be  added  to  the  lofs  occafioned 
by  the  calcination. 

Two  hundred  grains  of  this  roafted  ore  are 
then  to  be  taken,  and  mixed  with  fluxes  capable 
of  fufing  and  reducing  it.  In  this  operation  a 
crucible  is  made  ufeof;  and  afufficient  degree 
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of  heat  being  applied,  the  metal  is  precipitated 
to  the  bottom  of  the  crucible  in  a button, 
whofe  weight  indicates  the  quantity  of  metal 
contained  in  the  ore. 

Thefe  fluxes  mud  be  varied  according  to  the 
nature  of  the  ores  under  examination.  It  is  ne- 
ceflary  that  they  fhoula  all  contain  the  coaly 
principle,  to  difengage  the  oxigene  with  which 
thefe  metals  are  impregnated  by  the  calcination. 
But  the  nature  of  the  flux  mud  be  varied  ac- 
cording to  the  fulibility  of  the  metal.  The 
three  following  willanfwer  all  thefe  purpofes: 

1.  The  fufible  material  called  black  flux  is 
made  with  two  parts  of  tartar,  and  one  part  of 
nitre,  melted  together.  The  coaly  and  alkaline 
refldue  is  ufed  to  reduce  the  ores  of  lead,  cop- 
per, antimony.  &c. 

2.  Two  hundred  grains  of  calcined  borax, 
one  hundred  grains  of  nitre,  twenty  grains  of 
flaked  lime,  and  one  hundred  grains  of  the  ore 
intended  to  be  alfayed,  form  the  flux  of  Scopo- 
li,  of  which  I have  found  the  advantage  in  the 
affay  of  iron  ores. 

The  vitreous  flux  of  Mr.  De  Morveau,  made 
with  eight  parts  of  pounded  glafs,  one  of  borax, 
and  half  a part  of  powder  of  charcoal,  may  be 
employed  for  the  fame  purpofe. 
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3.  Arfenic  and  nitre,  in  equal  parts,  form 
likewife  a very  active  flux. 

The  ,neutral  arfenical  fait  has  been  ufed  with 
fuccefs  to  fufe  platina. 

Asfoon  as  the  exigence  of  a mine,  and  its  na- 
ture and  riches,  are  afeertained,  it  is  in  the  next 
place  neceflary  to  be  allured  of  a fuffleient  abun- 
dance and  continuity  of  water  to  anfwer  the 
purpofesof  the  works.  It  is  likewife  neceflary 
to  be  allured  of  poflefling  a fuffleient  quantity 
of  wood  or  charcoal  5 and,  more  efpecially,  a 
good  director  mult  be  procured:  for,  in  my 
opinion,  a poor  mine  well  managed  is  preferable 
to  a .rich  one  ill  condu&ed, 

Thefe  preliminary  circumflances  being  ac- 
complilhcd,  the  molt  Ample  and  leall  expenlive 
procefles  mull  be  employed  in  extracting  the 
mineral  from  the  bowels  of  the  earth.  For 
this  purpofe,  lhafts  or  galleries  mult  be  dug, 
according  to  the  pofition  of  the  vein,  and  the 
nature  of  its  fituation. 

When  it  is  practicable  to  arrive  at  the  flde  of 
the  vein,  and  at  a certain  depth,  by  a horizontal 
gallery,  the  works  becomemore  Ample  and  eco- 
nomical; the  fame  opening  ferving  to  drawoff 
the  waters,  and  extrafl  the  ore.  Galleries  are 
then  to  be  carried  on  to  the  right  and  left ; and 
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fhafts  funk,  which  communicate  with  the  open 
air,  as  likewife  others  carried  down  into  the 
vein.  Galleries  are  likewife  conftrudted,  one 
above  the  other,  and  the  communication  of  the 
works  kept  up  by  ladders.  When  the  foil  is 
friable,  and  defedtive  in  folidity,  care  mult  be 
taken  to  fupport  it  with  timbers  of  fufficient 
ftrength,  to  prevent  its  falling  in. 

Pickaxes,  wedges,  and  levers  are  ufed  to  de- 
tach the  ore,  when  the  rock  is  foft ; but  it  is 
molt  commonly  neceffary  to  employ  gunpow*- 
der,  and  to  form  mines* 

Want  of  air,  and  the  abundance  of  water,  are 
aimoft  always  noxious,  and  derange  mine-works. 
The  water  is  carried  off  by  fire-engines,  wind- 
mill pumps,  and  other  fuitable  apparatus. 

Currents  of  air  are  produced  by  effablifhing 
communications  w7ith  the  galleries  by  horizon- 
tal apertures.  Furnaces  eredled  on  the  fide  of 
a fhaft,  to  which  a long  tube  is  adapted  at 
one  end,  communicating  with  the  afh-hole, 
and  at  the  other  plunging  into  the  fhaft  to  draw' 
up  the  air,  or  ventilators  placed  in  the  fame 
fituation,  anfwer  a fimilar  purpofe.  The  foul 
air  isdeftroyed,  by  rendering  a lixivium  of  afhes 
cauftic  ; and  fprinkling  quick-lime  about  . the 
mine  likewife  produces  the  fame  effedt. 

Vol.  II.  P A pm- 
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A prudent  company  ought  to  extract  the 
largeft  poffible  quantity  of  ore,  before  they  de- 
termine upon  conftructing  the  neceffary  works 
for  the  fubfequent  proceffes.  We  cannot  fee 
into  the  bowels  of  the  earth.  Appearances  are 
often  deceitful;  and  we  have  feen  companies 
either  ruined  or  difeohraged,  bccaufe  they  had 
employed  immenfe  fums  to  condrucl  the  ne- 
ceffary furnaces  to  work  an  ore  whofe  exidence 
was  doubtful.  When  the  proceedings,,  in  an 
undertaking  of  this  kind,  are  carried  on  with 
proper  precaution,  and  no  more  expence  is  en- 
tered into  than  what  the  ore  extra&ed,  and  of 
a known  value,  is  capable  of  reprefenting,  the 
probable  Ioffes  are  very  flight,  even  in  the 
poored  mine. 

The  works  ought  to  be  varied  according  to 
the  nature  and  date  of  the  mineral.  It  is  found 
in  three  dates — 1.  In  the  form  of  a native  me- 
tal : in  this  cafe,  nothing  more  is  neceffary  than 
to  extrad  it  out  of  the  mine,  to  clear  it  of  the 
extraneous  fubdances,  and  to  fufe  it.  2.  In 
the  form  of  calx  or  oxide;  and  in  this  date  it 
is  diffident  if  it  be  forted  and  fufed.  3.  Com- 
bined w ith  fulphuror  arfenic,  in  which  cafe  it 
mud  be  made  to  undergo  fome  other  opera- 
tions. 

Although,  in  this  lad  cafe,  the  works,  fubfe- 
quent 
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quent  to  the  extraction,  vary  according  to  the 
nature  of  the  ore,  there  are  neverthelefs  certain 
general  operations  to  which  every  kind  of  ore 
is  fubjcdted,  which  we  fhall  here  fpeak  of. 

The  metal  is  always  mixed  with  (tony  fub- 
dances,  which  are  called  the  Gangue.  The  fird 
budnefs  mud  therefore  be  to  clear  the  metal  of 
this  foreign  fubdance.  For  this  purpofe,  when 
the  ore  is  extracted,  children  are  employed  who 
examine  it,  and  feparate  the  pure  ore  or  rich 
mineral  from  that  w’hich  is  mixed  w’ith  the 
gangue.  As  in  this  fecond  quality  the  ftone  is 
mixed  with  the  ore,  the  whole  is  pulverized  by 
means  of  a (lamping  mill,  confiding  of  peftles 
of  w ood,  (hod  with  iron,  and  armed  with  cocks, 
which  are  raifed  by  levers  proceeding  from  the 
axis  of  a wheel  that  condantly  turns.  The  mi- 
neral is  by  this  means  crufhed  and  pulverized  ; 
and  a dream  of  water  which  is  made  to  pafs 
over  it,  carries  away  both  the  metallic  and  (lony 
particles  ; the  former  being  depodted  in  the 
fird  vefFels  through  which  the  water  is  made 
to  circulate,  while  the  latter  or  dony  part  is 
carried  to  a greater  didance  on  account  of  its 
lightnefs. 

This  pulverized  ore  is  called  Sclich ; and,  in 
order  to  feparate  all  the  earthy  parts,  it  is 
wradied  upon  tables  dightly  inclined,  over  which 
P 2 a con- 
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a conftant  dream  of  water  is  made  to  flow. 
The  fclich  is  agitated  with  brooms  ; the  wa- 
ter carries  away  all  the  fragments  of  (tone,  and 
leaves  the  pure  ore  upon  the  table. 

The  calcination  of  the  mineral  fucceeds  the 
wafhing.  In  this  operation  the  mineralizer  is 
carried  off.  Fire  is  always  the  agent  made  ufe 
of.  Sometimes  the  pounded  mineral  is  difpofed 
in  piles  upon  heaps  of  wood,  which  being  fet  on 
lire,  heat  the  ore  flrongly,  and  drive  off  the  mi- 
neralizer. This  calcination  polfelfes  the  double 
advantage  of  difpofing  the  metal  for  fuflon,  as 
well  as  clearing  it  of  the  mineralizing  fubftance. 
When  the  ore  is  more  friable,  it  is  fpread  out  in 
a reverberatory  furnace;  and  the  flame  which 
reverberates  upon  it  deprives  it  of  its  mine- 
ralizer, at  the  fame  time  that  it  partly  fufes  it. 

Mr.  Exchaquet  has  propofed  to  deflroy  the 
fulphur  by  nitre.  This  procefs  is  excellent  for 
copper  ores.  The  quantity  of  nitre  varies  ac- 
cording to  the  quantity  of  fulphur;  but  there 
is  no  danger  of  adding  too  much.  In  this 
operation  the  mixture  is  thrown  into  an  ignited 
crucible,  and  kept  at  a moderate  heat  for  fome 
minutes. 

The  fuflon  is  effected  in  furnaces,  excited  by 
jsl  current  of  air,  kept  up  by  means  of  large 
bellows,  or  a machine  called  a trompe. 
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The  trompe,  or  blowing-machine*,  is  form- 
ed of  a hollow  tree  which  reds  upon  a cafk 
whofe  lower  head  is  knocked  out,  and  the  open 
part  of  the  cafk  itfelf  plunged  to  a certain  depth 
under  water,  A current  of  water  is  made  to 
fall  through  this  wooden  trunk  upon  a done 
which  is  erected  in  the  middle  of  the  cafk.  The  * 
air  becomes  difengaged,  and  is  obliged  to  pafs 
out  at  a collateral  aperture  in  the  calk,  by 
means  of  a tube  which  carries  it  to  the  lower 
part  of  the  furnace.  This  air  is  afforded — 1. 
By  that  air  which  the  water  carries  along  with 
it.  2.  By  a current  which  paffes  through  aper- 
tures made  at  the  diftance  of  fix  feet  from  the 
fummit  of  the  tree,  and  called  trompilles. 

The  dimenfions  of  a good  trompe  are  the 
following : 

Length  of  the  tree  or  wooden  trunk,  from 
its  fummit  to  the  fide  apertures  or  trompilles, 
fix  feet. 

Length  of  the  tree  from  the  trompilles  to  the 
cafk,  eighteen  feet. 

Height  of  the  cafk,  five  feet. 

Diameter  of  the  cafk,  four  feet  fix  inches. 

* I do  not  find  in  Lewis's  Commerce  of  Arts,  where  this 
fubjeft  is  well  treated,  that  the  Englilh  have  called  this  ma- 
chine by  any  appropriated  name.  T. 
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The  form  of  the  internal  part  of  the  trunk, 
above  the  trompilles,  is  that  of  a funnel,  whofe 
fuperior  opening  is  eighteen  inches,  and  its  in- 
ferior diameter  five. 

The  diameter  of  the  cavity  of  the  tree,  below 
the  trompilles,  is  eighteen  inches. 

* The  diameter  of  the  trompilles  is  fix  inches* 

The  (tone  upon  which  the  water  falls  is  eigh- 
teen inches  in  cfameter. 

When  the  mineral  is  once  cleared  of  its 
gangue,  its  mineralizer,  and  ail  other  foreign 
matter,  it  conftitutes  what  is  called  a metal,  or 
regulus. 

Every  fact  appears  to  prove  that  metals  are 
fimple  fubflances  ; the  various  alterations  to. 
which  they  are  fubjedted,  being  combinations 
of  the  metal  itfelf  with  other  fubflances.  None 
of  thefe  operations  either  difengage  or  feparate 
any1  conflituent  part  of  the  metal  itfelf,  as  we 
fhall  fee. 

Every  metal  is  fufed  at  a certain  degree  of 
heat,  more  or  lefs  intenfe  ; and  in  this  iituation 
their  furface  is  convex. 

Mellrs.  Macquer  and  Lavoifier  having  ex- 
pofed  gold  to  the  focus  of  the  lens  of  Tfchirn- 
fiaufen,  obferved  that  this  metal  exhaled  in 
fumes,  without  being  decompofed ; as  was 
proved  by  collecting  it  unaltered  upon  prefent- 

ing 
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ing  a plate  of  diver,  which  became  gilt.  Silver 
is  volatilized  in  the  fame  manner  without  de- 
compofition. 

Metals  fufed,  and  cooled  (lowly,  exhibit  cryf- 
tallizations  of  confiderable  regularity.  The 
abbe  Mongez,  and  Mr.  Brogniart,  have  fuc- 
ceeded  in  crydallizing  mod  of  them,  by  vary- 
ing the  procefs  ufed  by  the  celebrated  Rouelle 
in  the  crydallization  of  fulphur. 

Mod  metals  kept  in  a date  of  fudon  lofe 
their  metallic  brilliancy,  and  become  convert- 
ed into  an  opa'ke  powder  called  Oxide,  or 
Metallic  Calx.  The  oxides^  when  urged  by  a 
ftronger  heat,  are  reduced  into  a vitriform  fub- 
dance  known  by  the  name  of  Metallic  Glafs. 

Metals  acquire  weight  in  their  tranfition  to 
the  date  of  oxide.  This  cifcumdance  has  led 
feveral  adepts  into  error,  who  imagined  they 
had  incteafed  the  weight  of  the  metal. 

Geber  obferves,  ff  Ubi  vel  minimum  aug- 
ment metallici  inveneris,  ibi  te  dicimus  efFe 
ante  fores  philofophorum.” — ff  Et  fane  conve- 
niens judicium  ed,”  adds  Becher ; <(  id  enim 

per  quod  corpus  homogeneurn  augmentum 

■ 

capit,  id  ipfum  ed  quod  pro  principio  idius 
corporis  haberi  poted.” — Phyf.  Subt. 

Stahl  pretended  that  the  calcination  of  metals 
arofe  from  the  difengagement  of  phlogidon  ; 

and 
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and  he  confidcred  their  calces  as  an  earth*  or 
metallic  bafis. 

Boyle  affirmed  that  the  increafe  of  weight  in 
calcined  metals  was  owing  to  the  combination 
of  the  matter  of  fire  : and  Boerhaave  ventured 
to  attribute  it  to  the  furrounding  bodies,  which 
depofited  themfelves  upon  the  metal.  Of  all 
the  hypothefes  which  have  been  formed  upon 
this  fubjed,  that  of  Stahl  has  met  with  the 
greateft  number  of  fupporters  : and  the  blind 
zeal  of  his  followers  has  carried  them  fo  far  as 
even  to  difguife  an  unanfwerable  objedipn; 
namely,  that  it  can  never  be  explained  how  me- 
tals, by  the  lofs  of  one  principle,  at  the  fame 
time  that  they  do  not  acquire  another,  can  be- 
come heavier.  The  reduction  of  the  oxides  or 
metallic  calces,  without  any  addition  of  char- 
coal, cannot  be  explained  on  this  hypothefis. 

It  mu  ft  be  confelfed  that  all  chemifts  were 
not  of  this  way  of  thinking:  and  we  find  in  the 
writings  of  jean  Rey,  aphyfician  of  Perigord, 
that  he  in  the  year  1630  attributed  the  increafe 
of  vreight  in  calcined  metals  to  the  combination 
of  air  vrith  the  metal.  He  affirms  that  agita- 
tion facilitates  this  combination  in  no  other 
manner  than  water  renders  the  fand  heavy 
which  is  thrown  and  agitated  in  that  fluid. 

He  reafons  like  a chemift  of  confiderable 
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fkill,  to  prove  that  the  increafe  of  weight  can- 
not be  carried  beyond  a point  of  faturation ; and 
he  concludes  his  obfervations  in  thefe  words  : 
Le  travail  a ele  mien  • le  profit  en  fait  an  lefteur, 
et  a Dieu  feul  la  gloire — Mine  has  been  the  la- 
bour ; let  the  reader  enjoy  the  advantage,  and 
to  God  alone  be  the  glory  V* 

All  thefe  feveral  fketches  were  never  formed 
into  a connected  fyftem  ; and  this  doctrine  was 
even  completely  unknown,  when  Mr.  Lavoi- 
lier  proved  to  us  that  the  calcination  of  metals 
was  owing  merely  to  the  fixation  of  oxigenous 
gas,  and  their  reduction  to  the  difengagement 
of  this  gas,  effected  by  fimple  heat,  or  by  its* 
combination  with  various  bafes  in  fuch  in- 
fiances  wherein  its  adhelion  to  the  metal  is  too 
ftrong  robe  overcome  bymereheat.  The  proofs 
upon  which  this  celebrated  chemift  has  efta- 
blifhed  his  opinion,  are  the  following  fadts. 

i.  Metals  are  not  oxided  either  in  a vacuum, 
or  in  air  which  contains  no  part  of  oxigenous 
gas.  The  Count  Morozzo,  Prieftley,  Lame- 
therie,  and  Pidtet  appear  to  have  oxided  lead, 

* This  is  the  fame  Jean  Rey,  who,  being  under  the  necef- 
fity  of  contradiding  his  friend  Libavius  on  the  theory  of  the 
calcination  of  metals,  exclaims — “ O Truth,  how  dear  art 
thou  to  me!  finte  it  is  in  thy  power  to  make  me  enter  into  a 
contefl  with  fo  dear  a friend.  ’ 

tin. 
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tin,  and  mercury  in  the  carbonic  acid.  See  the 
Memoir  of  Mr.  Sennebier,  Journal  de  Phyfique, 
Fevrier  1 787. — But  this  pretended  oxide  is  no- 
thing but  a metallic  carbonate,  or  the  combi- 
nation of  a metal  with  an  acid,  which  is  very- 
far  from  calcination  or  oxidation. 

2.  Metals  inclofed  under  a glafs,  and  properly 
heated,  are  oxided  only  by  abforbing  the  oxi- 
genous  gas  contained  in  the  mafs  of  air  which 
is  infulated;  and  w'hen  this  abforption  is  ended, 
it  is  impoflible  to  carry  the  oxidation  any  fur- 
ther. 

3.  Metals  oxided  in  an  atmofphere  of  oxi- 
genous  gas  abforb  it  to  the  laft  drop. 

4.  Such  oxided  metals  as  are  capable  of 
being  reduced  in  clofed  veflels,  give  out,  on 
their  return  to  the  metallic  fate,  the  fame 
quantity  of  oxigenous  gas  as  they  had  before 
abforhed. 

This  doflrine  appears  to  me  to  be  eftablilhed 
on  the  moft  complete  feries  of  proofs  which  can 
be  defired  in  matters  capable  of  demonftration. 

The  concurrence  of  air  and  of  humidity  lin- 
gularly  aflifis  the  alteration  of  metals.  The 
-water  is  decompofed  in  this  procefs,  and  its  hy- 
drogene is  difiipated,  while  its  oxigene  com- 
bines with  the  metal.  This  is  doubtlefs  the 
theory  of  fuch  oxidations  as  are  effected  beneath 
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the  furface  of  water ; and  when  we  find  ox- 
ides, or  metallic  calces,  in  the  bowels  of  the 
earth,  defended  from  the  contact  of  air,  the 
facfxs  ought  to  be  referred  only  to  the  decompo- 
fition  of  wrater,  or  of  acids  which  have  oxigene 
for  their  bale. 

Hence  it  follows  that  the  alteration  of  metal 
will  be  the  more  fpeedy — 1 . In  proportion  as 
the  affinity  of  the  metal  to  oxigenous  gas  is 
ftronger.  2.  As  the  quantity  of  oxigenous  gas 
is  greater.  3.  As  the  air  is  more  humid,  &c. 
Metals  decompofe  certain  fubftances  in  order  to 
unite  with  their  oxigene,  and  by  that  means  to 
pafs  to  the  ftate  of  oxide.  This  is  obfervable 
when  the  nitric  acid  is  digefted  upon  certain 
metals. 

Metallic  fubftances  being  confiderably  nu- 
merous, it  is  neceftary  toclafs  them,  that  we  may 
bring  togetherfuch  as  pclTcfs  fimilar properties, 
and  feparate  others  which  differ  from  them. 

Dudtility  ferves  as  a leading  character.  Me- 
tals may  be  diftinguifhed  into  fuch  as  are  duc- 
tile, and  fuch  as  do  not  poffefs  this  property. 
The  name  of  Metal  has  been  peculiarly  applied 
to  the  former,  and  that  of  Semi-metal  to  the 
latter  kind. 

Among  the  metals  there  are  fome  wffiich  are 
changeable  by  expofure  to  air,  while  others  are 
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not  fenfibly  altered  in  the  fame  fituation.  This 
difference  has  caufed  a fubdivifion  of  the  me- 
tals intoperfed:  and  imperfed:  metals. 

We  fhall  begin  by  treating  of  the  femi-me- 
tals,  becaufe  for  the  molt  part  they  approach  to 
the  faline  or  ftony  fubftances  in  their  qualities ; 
and  we  fhall  conclude  with  the  perfect  metals, 
becaufe  they  polfefs  the  metallic  qualities  in  an 
higher  degree. 


C H A P.  I, 


Concerning  Arfenic, 

HE  fubflance  which  is  fold  in  commerce 
under  the  name  of  Arfenic,  is  a metallic 
oxide  of  a glittering  whitenefs,  fometimes  of  a 
vitreous  appearance;  exciting  an  impreffion  of 
an  acrid  tafte  on  the  tongue  ; volatile  when 
expofed  to  fire,  in  which  fituation  it  rifes  in  the 
form  of  a white  fume,  with  a very  evident  fmell 
of  garlic. 

Although  arfenic  is  moft  commonly  met  with 

under 
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Arfenic, 

under  this  form,  it  may  be  reduced  to  the  me- 
tallic date  by  treating  it  with  oils,  foaps,  or 
charcoal  in  clofed  vedels.  The  celebrated 
Becher  was  perfectly  acquainted  with  this  pro- 
cefs — (f  Si  oleum,  vel  quodcunque  pingue,  ar- 
fenico  mifceas,  etper  retortam  diddles  urgent! 
igne,  fublimabitur  in  collurn  arfenicum,  indg- 
niter  antimonii  indar  metallizatum.,,  — The 
arfenic  which  fublimes  is  of  a brilliant  grey  co- 
lour, refembling  fteel,  but  it  fpeedily  becomes 
black  in  the  air:  it  forms  crydals,  which  Mr. 
De  Lideconfiders  as  aluminiform  odiahedrons. 

Arfenic  is  fometimes  found  native;  and  it  is 
met  with  in  daladiites,  or  in  protuberant  depo- 
dtions  formed  of  layers  more  or  lefs  didindt 
and  concentric,  which  are  feparable  from  each 
other  like  the  coats  of  an  onion,  or  the  lami- 
nae of  Ihells,  from  which  it  has  obtained  the 
name  of  teftaceous  arfenic.  In  other  indances 
the  mafles  are  formed  of  very  fmall  fcales  ; 
which  renders  the  furface  of  the  fpecimen  fome- 
times  granulated,  and  fometimes  full  of  fmall 
cavities  : it  is  then  called  fcaly  arfenic.  Arfe- 
nic is  alfo  found  in  friable  maffes,  poffefTing 
fcarcely  any  confidence.  In  thefe  various 
forms  we  receive  it  from  Bohemia,  Hungary, 
Saxony,  Saint  Marie  aux  Mines,  &c. 

Arfenic  is  volatilized  by  an  heat  of  about 
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144  degrees  of  Reaumur.  In  order  to  fet  fire 
to  this  metal,  it  muff  be  thrown  into  a crucible 
ftrongly  ignited ; and  then  it  exhibits  a blue 
flame,  and  riles  in  the  form  of  a white  oxide. 

If  it  be  fublimed  by  a gentle  heat,  it  cryftal- 
lizes  in  trihedral  pyramids  or  in  octahedrons. 

Arfenic  is  not  foluble  in  water.  Its  fpecific 
gravity  is  57,633,  according  to  BrifTon.  Its 
fraflure  refembles  that  of  fteel,  but  it  eafily  tar- 
nifhes. 

Arfenic  appears  toexift  in  the  metallic  flats 
in  its  combinations  with  cobalt  in  theteftaceous 
cobalt  ore,  or  with  iron  in  mifpickel,  accord- 
ing to  the  obfervation  of  Bergmann. 

Arfenic  unites  by  fufion  with  moft  of  the 
metals  ; but  thofe  which  were  duCtile  before 
this  addition,  become  brittle  afterwards.  Thofe 
which  are  of  difficult  fufion  alone  flow  more 
eafily  by  heat  with  the  addition  of  arfenic,  and 
thofe  which  are  very  fufible  become  refractory 
by  the  fame  addition.  The  yellow’  or  red  me- 
tals become  white  w;ith  this  alloy. 

Arfenic  is  often  combined  with  metals  in  va- 
rious ores,  and  is  difengaged  from  them  by  cal- 
cination. In  various  mine  works,  long  wind- 
ing chimneys  are  conftructed,  through  which 
the  arfenical  vapours  pafs,  and  in  which  they 
attach  themfelves.  The  cruft  which  is  formed 
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in  proccfs  of  time  again  ft  the  internal  furface 
of  thefe  chimneys  is  taken  away,  and  is  the 
fubftance  met  with  in  commerce  under  the 
name  of  arfenic.  The  cobalt  ores  of  Saxony, 
which  are  torrefied  to  leparate  this  femi-metal, 
afford  almoft  the  whole  of  what  is  fold.  This 
oxide  of  arfenic  is  fometimes  native,  and  has 
been  found  in  Saxony  and  Bohemia.  It  is  very 
abundant  in  fuch  places  as  are  fituated  in  the 
vicinity  of  fubterranean  fires,  fuch  as  the  Sol- 
fatara.  It  is  often  found  cryfiallized  in  odahe- 
drcns,  according  to  Mr.  Sage. 

The  oxide  is  lefs  volatile  than  the  metal  it- 
felf;  and,  as  we  have  before  obferved,  it  emits 
a very  evident  fmell  of  garlic.  If  it  be  fubli- 
med  by  a flrong  fire  in  clofed  veffels,  it  becomes 
tranfparent  like  glafs  ; but  its  furface  is  foon 
rendered  opake  again  by  expofure  to  air.  It  is 
not  rare  to  find  arfenical  glafs  in  the  arfenic  of 
commerce:  it  is  yellovvifh,  and  foon  lofes  its 
tranfparency  by  expofure  to  air.  This  glafs  is 
fometimes  found  native  in  the  cobalt  mines, 
and  among  volcanic  probuds. 

Eighty  parts  of  diflilled  water,  at  the  tem- 
perature of  twelve  degrees,  are  required  to  dif- 
fclve  one  part  of  the  oxide  of  arfenic ; but  fif- 
teen are  fufficient  at  the  boiling  heat. 

One  part  of  arfenic  is  foluble  inbetween  feven- 
ty  and  eighty  parts  of  alcohol  at  the  boiling  heat. 

The 
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Realgar . Orpiment . 

The  oxide  of  arfenic  partakes  therefore  of* 
the  properties  of  faline  fubflances,  and  differs 
from  the  other  metallic  oxides—  r.  Becaufe  it 
is  perfe&ly  foluble  in  water.  2.  Becaufe  the 
other  metallic  oxides  are  without  finell,  and 
fixed  in  the  fire.  3.  Becaufe  thofe  oxides  do 
not  contra#  any  union  with  metals. 

On  the  other  hand  it  refembles  the  metallic 
oxides — 1.  In  becoming  converted  into  a me- 
tallic glafs  by  a flrong  heat.  2*  In  forming  an 
opake  infoluble  fubflance,  poflefling  the  me- 
tallic brilliancy  when  deprived  of  oxigene. 

The  oxide  of  arfenic  is  capable  of  combining 
with  fulphur  ; and  the  refult  is  either  orpiment 
or  realgar  according  to  the  manner  of  ope- 
rating* 

Moll  chemifts  have  a notion  that  the  real- 
gar contains  more  fulphur  than  the  orpiment; 
and  they  have  preferibed  different  proportions 
to  form  thefe  two  fubftances.  But  it  has  been 
proved  by  Mr.  Bucquet,  that  this  difference  of 
colour  arifes  only  from  the  manner  of  applying 
the  fire  ; nothing  more  being  neceffary  to  con- 
vert orpiment  into  realgar,  than  the  expofing 
it  to  a flrong  heat : and  with  the  fame  mixture 
we  may  at  pleafurc  obtain  either  of  thefe  pro- 
duds,  according  to  the  manner  of  applying 
the  heat. 

Orpiment  and  realgar  are  found  native  in 
2 certain 
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certain  places.  Linnaeus,  Wallerius,  Bergmann, 
and  Cronftedt  have  defcribed  them. 

Cryftals  of  realgar  are  found  in  Solfatara  near 
Naples,  according  to  Ferber  ; in  the  mines  of 
Nagyag  in  Tranfyl vania  (fee  Forfter’s  Cata- 
logue); in  the  mines  of  Felfobanya  in  Upper 
Hungary ; in  thofe  of  Joachimftal  in  Bohemia, 
and  of  Marienburg  in  Saxony. 

Realgar  is  common  in  China  ; it  is  made  into 
vafes,  pagods,  and  other  ornamental  works. 
The  Indians  make  ufe  of  thefe  veflels  to  procure 
a purgative  medicine  : for  this  purpofe  they  leave 
vinegar  or  lemon  juice  for  feveral  hours  in  the 
veffel,  and  afterwards  drink  it. 

Realgar  is  commonly  found  in  the  waters  of 
volcanos.  I have  aimoft  always  obferved  it  in 
comprelled  hexahedral  prifms,  terminating  in 
two  tetrahedral  fummits. 

Orpiment  is  lefs  fcarce  than  the  realgar.  It 
aimoft  always  accompanies  this  fubftance;  but 
the  orpiment  of  commerce  comes  to  us  from 
various  countries  up  the  Levant,  in  irregular 
malles,  folid  or  lamellated,  and  of  a beautiful 
orange  yellow.  The  Baron  de  Born  informs  us 
that  it  is  met  with,  in  polyhedral  cryftals,  in  a 
blueifh  clay  near  Newfol  in  Hungary. 

Lime  and  the  alkalis  decompofe  thefe  two 
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fubftances,  and  difengage  the  oxide  of  arfenic. 

The  acids  and  the  alkalis  exhibit  interefting 
phenomena  with  arfenic. 

The  fulphuric  acid,  when  boiled  on  the  oxide 
of  arfenic,  attacks  and  diffolves  it;  but  this 
oxide  is  precipitated  by  cooling.  If  the  whole 
of  the  acid  be  diffipated  by  a ftrong  heat,  the 
arfenical  acid  remains  behind. 

The  nitric  acid,  aflifted  by  heat,  diffolves  the 
oxide  of  arfenic,  and  forms  a deliquefeent  fait, 
of  which  we  fhall  prcfently  treat. 

The  muriatic  acid  attacks  arfenic  very  feebly. 
Meffrs.  Bayen  and  Charlard  found  its  a&ion  very 
weak  whether  heated  or  cooled. 

In  order  to  form  the  fublimed  muriate  of  ar- 
fenic, or  butter  of  arfenic,  equal  parts  of  orpi- 
ment  and  corrofive  fublimate  of  mercury  are 
mixed  together.  The  mixture  is  diftilled  by  a 
gentle  heat ; and  the  receiver  is  found  to  contain 
a blackifh  corrofive  liquor,  which  forms  the 
fublimed  muriate  of  arfenic.  Cinnabar  comes 
over  if  the  heat  be  increafed,  according  to  the 
obfervation  of  Mr.  Sage. 

If  pure  pot-afh  be  boiled  on  the  oxide  of  arfe- 
nic, the  alkali  becomes  brown,  gradually  thick- 
ens, and  at  lafb  forms  a hard  brittle  mafs.  This 
arfenical  fait  of  Mr.  Macquer  is  deliquefeent. 

It 
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It  is  foluble  in  water,  which  lets  fall  brown 
flocks.  It  is  decompofed  by  fire,  and  the  arfenic 
efcapes.  Acids  deprive  it  of  its  alkali,  & c. 

Soda  exhibits  phenomena  nearly  fimilar  with 
this  oxide  ; and  Mr.  Macquer  even  affirms  that 
he  obtained  this  fait  in  crvflals. 

I have  proved  that  ammoniac  dilTolves  the 
oxide  of  arfenic  by  heat ; and  I have  feveral 
times  obtained  cryflals  of  arfenic  by  fpontaneous 
evaporation.  I am  even  of  opinion  that  the  al- 
kali is  decompofed  in  thefe  circumflances,  that 
the  nitrogene  is  diffipated,  while  the  hydrogene 
unites  with  the  oxigene  of  the  oxide,  and  forms 
water. 

The  oxide  of  arfenic  haflens  the  vitrification 
of  all  the  earths  ; but  the  glaffes  into  which  it 
enters  as  a component  part,  have  the  property 
of  eafily  becoming  tarnifhed. 

Equal  parts  of  nitre  and  oxide  of  arfenic,  dis- 
tilled in  a retort,  afford  a very  red  and  almoft 
incoercible  nitric  acid.  Stahl  and  Kunckel 
obtained  it  by  a procefs  nearly  fimilar.  Mac- 
quer having  refumed  this  work,  carefully  ex- 
amined the  refidue  in  the  retort,  and  found  that 
it  was  a fait  foluble  in  water,  capable  of  cryf- 
tallizing  in  tetrahedral  prifms  terminated  by 
four-fided  pyramids,  unalterable  in  the  air, 
fufible  by  a moderate  heat,  but  without  becom- 
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ing  alkalized.  Mr.  Macquer  called  it  the  neu- 
tral arfenical  fait : he  fuppofed  that  no  acid 
could  decompofe  it.  But  Mr.  Pelletier  proved 
that  the  fulphuric,  when  diftilled  with  it,  dif- 
engaged  its  acid. 

The  arfeniate  of  foda  differs  little  from  the 
arfeniate  of  pot-afh.  Mr.  Pelletier  obtained 
this  fait  cryftallized  in  hexahedral  prifms,  termi- 
nated by  planes  perpendicular  to  their  axes. 

By  thefe  feveral  experiments,  Mr.  Macquer 
had  fhewn  that  arfenic  anfvvered  the  purpofe  of 
an  acid  in  thefe  combinations.  There  remained 
only  one  ftep  therefore  to  be  made,  to  prove  that 
it  was  really  metamorphofed  into  an  acid  in 
thefe  feveral  operations : and  it  is  to  the  cele- 
brated Scheele  that  we  are  indebted  for  this  dif- 
covery.  His  capital  experiments  upon  manga- 
nefe  naturally  led  him  to  it. 

He  has  given  us  two  proceffes  to  obtain  this 
arfenical  acid  ; the  firft  by  means  of  the  oxige- 
nated  muriatic  acid,  and  the  other  by  the  nitric 
acid.  Thefe  acids  are  diftilled  from  the  oxide 
of  arfenic  : the  muriatic  acid  abandons  its  oxi- 
gene  to  the  oxide  of  arfenic,  and  refumes  the 
characters  of  the  ordinary  muriatic  acid.  The 
nitric  acid  is  itfelf  decompofed  ; and  one  of  its 
principles  is  difiipated,  while  the  other  is  fixed, 
and  combines  with  the  arfenical  oxide. 
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This  acid  is  at  prcfent  obtained  by  diftilling 
fix  parts  of  nitric  acid  from  one  of  oxide  of 
arfenic. 

Mr.  Pelletier  likewife  propofes  to  decompofe 
the  nitrate  of  ammoniac  by  the  oxide  of  arfe- 
nic. The  reiidue  in  the  retort  is  the  arfeniate 
of  ammoniac,  from  which  the  alkali  may  be 
driven  by  a fire  long  kept  up.  The  refidue  is  a 
vitreous  mafs,  flrongly  attra&ing  humidity,  and 
falling  into  deliquium.  It  is  the  pure  arfenical 
acid. 

Mr.  Pelletier  has  likewife  decompofed  the 
neutral  arfenical  fait,  by  mixing  it  with  half  a 
part  of  oil  of  vitriol,  and  urging  the  fire  to  fuch 
a degree  as  to  ignite  the  veflels.  The  refidue  at' 
the  bottom  of  the  retort  is  a white  mafs,  which 
attracts  humidity,  and  is  the  arfenical  acid.  A 
white  powder  is  obfervable,  which  is  found  to 
be  the  fulphate  of  pot-afh  or  of  foda,  accord- 
ingly as  the  arfenical  fait  has  foda  or  pot-afh  for 
its  bafis. 

From  the  various  procefTes  made  ufe  of  to 
form  the  arfenical  acid,  it  is  evident  that  this 
fubflance  is  nothing  but  the  arfenical  oxide,  fa- 
turated  with  the  oxigene  which  it  takes  from 
the  various  bodies  digefled  upon  it.  The  nitric 
acid,  or  the  nitrates  ufed  for  this  purpofe,  are 
decompofed  ; the  nitrous  gas  pafies  over  very 
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abundantly,  and  the  oxigene  remains  mixed  and 
united  with  the  oxide  of  arfenic. 

This  acid  pofiefles  the  concrete  form  ; but  it 
attracts  the  humidity  of  the  air,  and  becomes 
refolved  into  a fluid. 

It  is  fixed  in  the  fire  ; but  if  it  be  heated  in 
contact  with  a coaly  fubltance,  it  is  decompofed, 
and  the  oxide  exhales  in  the  form  of  fumes.  It 
is  reduced  into  arfenic,  according  to  Mr.  Pelle- 
tier, by  pafling  hydrogenous  gas  through  it. 

At  the  temperature  of  twelve  degrees  of  the 
thermometer  of  Reaumur,  this  acid  requires  only 
two-thirds  of  its  weight  of  water  to  diflolve  it ; 
whereas  one  part  of  the  oxide  of  arfenic  requires 
twenty-four  of  water  to  diflolve  it  at  the  fame 
temperature. 

This  acid,  when  diflolved  in  water,  may  be 
again  concentrated,  and  carried  to  the  ftate  of  a 
tranfparent  glafs  without  any  alteration  ; for  it 
is  not  by  this  treatment  deprived  of  its  power  of 
attracting  humidity  from  the  air. 

When  it  is  in  this  fiate  of  concentration,  it 
a£ts  flrongly  on  the  crucible,  and  difiolves  the 
alumine,  according  to  Mr.  Berthollet’s  experi- 
ments. 

The  arfenical  acid,  faturated  with  ammoniac, 
and  duly  evaporated,  forms  a fait  cryflallized 
in  rhomboids ; which,  when  urged  by  heat, 
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lofes  its  water  of  cryftallization,  next  its  alkali, 
and  is  refolved  into  a vitreous  mafs. 

Barytes  and  magnefia  appear  likewife  to  have 
a ftronger  affinity  with  this  acid  than  the  alkalis, 
according  to  Bergmann.  Lime  decompofes  the 
neutral  falts  with  bafe  of  alkali,  according  to  the 
experiments  of  the  fame  chemifl.  - 

Arfenic  is  ufed  by  the  dyers  ; it  is  likewife 
ufed  as  a flux  in  glafs-houfes,  and  in  docimaf- 
tic  works  ; it  alfo  enters  as  a component  part 
into  fome  glazes.  Orpiment  and  realgar  are 
very  much  ufed  by  painters ; but  arfenic  is  one 
of  thofe  productions  whofe  advantages  are  not 
fufficient  to  compenfate  for  its  bad  effects.  This 
metal,  which  is  very  abundant,  and  very  frequent, 
ly  met  with  in  mines,  caufes  the  deflation  of  a 
number  of  workmen  who  explore  them  : being 
very  volatile,  it  forms  a duft  which  affeCts  and 
deftroys  the  lungs ; and  the  unhappy  miners, 
after  a languifhing  life  of  a few  years,  all  perifh, 
fooner  or  later.  The  property  which  it  pofleiT- 
es  of  being  foluble  in  water,  multiplies  and 
facilitates  its  deftructive  power ; and,  it  ought  to 
be  profcribed  in  commerce,  by  the  drift  law 
which  prohibits  the  fale  of  poifon  to  unknown 
perfons.  Arfenic  is  every  day  the  inflrument 
by  which  victims  are  facrificed,  either  by  the 
hand  of  wickednefs  or  imprudence.  It  is  often 
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miftaken  for  fugar  ; and  thefe  miftakes  are  at- 
tended with  the  moft  dreadful  confequences. 
Whenever  there  is  the  lead:  reafon  to  fufpedt  its 
prefence,  the  doubt  may  be  cleared  up  by  throw- 
ing a fmall  quantity  of  the  powder  upon  heated 
coals.  The  fmell  of  garlic,  and  the  wrhite  fumes, 
are  indications  of  the  prefence  of  arfenic.  The 
fymptoms  wdiich  characterize  this  poifon  are,  a 
great  conftridtion  of  the  throat,  the  teeth  fet  on 
edge,  and  the  mouth  ftrongly  heated  ,*  an  in- 
voluntary fpitting,  with  extreme  pains  in  the 
ftomach  ; vomiting  of  glairous  and  bloody  mat- 
ter, with  cold  fweats  and  convuifions. 

Mucilaginous  drinks  have  been  long  ago  given 
to  perfons  poifoned  by  arfenic.  Milk,  fat  oils, 
butter,  &c.  have  been  fucceflively  employed. — 
Mr.  Navier  has  propofed  a more  diredt  counter- 
poifon.  He  prefcribes  one  dram  (gros)  of  ful- 
phure  of  pot.afh,  or  liver  of  fulphur,  to  be  dif- 
folved  in  a pint  of  water,  which  the  patient  is 
directed  to  drink  at  feveral  draughts  : the  ful- 
phur unites  to  the  arfenic,  and  deflroys  its  cauf- 
ticity  and  effedt.  When  thefe  firft  fymptoms 
are  diflipated,  he  advifes  the  ufe  of  mineral  ful- 
phureous  waters.  He  likewife  approves  of 
milk,  but  condemns  the  ufe  of  oils.  Vinegar, 
which  diffolves  arfenic,  has  been  likewife  re- 
commended by  Mr.  Sage. 
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CHAR  II 


Concerning  Cobalt 


OB  ALT  was  employed  by  artifts  to  give  a 


blue  colour  to  glals,  long  before  it  wasfup- 
pofed  to  contain  a femi-metal.  We  are  indebted 
to  Brandt,  a celebrated  Swedifh  mineralogift,  for 
the  knowledge  of  its  properties,  and  metallic 
character. 

The  fpecific  gravity  of  fufed  cobalt  is  78,119* 
See  Briflon. 

Cobalt  is  combined  in  the  bowels  of  the 
earth  with  fulphur,  arfenic,  and  other  metallic 
fubftances. 

1.  The  arfenical  cobalt  ore  is  of  a grey  colour 
more  or  lefs  deep,  dull  in  its  fracture,  and  be- 
coming black  on  expofure  to  the  air,  in  confe- 
quence  of  an  alteration  in  its  arfenical  part. 

This  ore  of  cobalt  cryftallizes  in  fmooth  cubes, 
and  affedts  feveral  varieties.  I have  a piece 
which  has  the  form  of  tetrahedral  pyramids, 
joined  bafe  to  bafe.  This  fpecies  of  cobalt 
fometimes  affedts  a confufed  cryftallization  in 
dendrites,  and  is  then  called  Knit-cobalt  ore. 
Sometimes  it  is  found  in  protuberances,  ftalac- 
tites,  &c. 


•2.  The 
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2.  The  fulphureous  ore  of  cobalt  rcfembles 
the  grey  filver  ore  in  its  texture  : it  contains 
iron  and  filver ; and  efflorefees  of  a lilac  colour 
mixed  with  a yellowifh  green. — Sage,  Annal. 
Chem.  t.  ii. 

Mr.  De  Lifle  poffeffes  fpecimens  of  this  kind, 
which  came  from  the  mine  of  Batnaes  at  Riddar- 
hy  trail, 

3.  Cobalt  is  mineralized  by  fulphur  and  arfe- 
nic,  in  the  mine  of  Tuneburg  in  Sudermania. 

The  cryftallization  of  this  fpecies  is  a cube, 
ftriated  on  its  fix  faces,  and  commonly  truncated 
more  or  lefs  deeply  on  its  edges. 

This  ore  contains,  according  to  Mr.  Sage, 
fifty-five  pounds  of  arfenic,  eight  of  fulphur, 
two  of  iron,  and  thirty- five  of  cobalt; 

4.  The  ores  of  cobalt  are  fometimes  in  efflo- 

refcence;  and  the  fulphureous  ore  forms  by  its 

\ 

decompofition  the  fulphate  of  cobalt. 

The  fulphure  of  cobalt,  and  the  arfenical  co- 
balt ore,  pafs  to  the  Hate  of  oxide  in  their  decom- 
pofition  ; and  the  furface  becomes  covered  with 
a colour  of  peach  flowers,  more  or  lefs  intenfe. 
It  is  fometimes  coloured  with  an  efflorefcence 
in  the  figure  of  ftars  formed  by  radii  applied 
to  each  other  collaterally,  and  all  tending  to  a 
common  centre.  This  is  an  indiftindl  cryflal- 
lization,  in  which  Mr.  De  Lifle  thinks  he  ob- 
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ferved  tetrahedral  prifms  terminated  by  dihe- 
dral fummits.  The  flowers  of  cobalt  are  fre- 
quently a mere  powder,  more  or  lefs  coloured. 
Thofe  ores  which  are  in  a (late  of  complete  de- 
compofition  are  called  Soft  or  Earthy  cobalt 
ores. 

To  aflay  an  ore  of  cobalt,  the  fir  ft  procefs  is 
torrefacftion.  Two  hundred  grains  are  after- 
wards fufed  with  an  ounce  and  a half  of  black 
flux.  Mr.  Sage  is  confident  that  more  metal 
is  obtained  by  mixing  the  oxide  of  cobalt  with 
two  parts  of  white  glafs,  and  a fmall  quantity  of 
coal. 

When  cobalt  is  mixed  with  bifmuth  and  iron, 
its  oxide  muff  be  diffilled  with  equal  parts  of 
the  muriate  of  ammoniac,  until  the  fait  which 
fublimes  in  the  neck  of  the  retort  has  acquired  a 
green  tinge.  Mr.  Sage,  who  gives  us  this  pro- 
cefs, obferves  that  feven  or  eight  fublimations 
are  fometimes  neceflary  to  deprive  the  cobalt  of 
all  the  iron  and  bifmuth  which  it  contains. 

Cobalt  is  of  a light  grey  colour,  compact  and 
brittle.  It  is  not  eafily  fufed,  is  not  volatile,  re- 
fills cupellation,  and  refufes  to  amalgamate  with 
mercury. 

The  working  of  cobalt  ores  is  very  limple. 
It  cenlilfs  in  roafling  the  ore  in  a reverberatory 
furnace,  terminating  jn  a long  chimney,  into 

which 
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which  the  vapours  are  received.  Thefe  vapours, 
orarfenical  fumes,  attach  themfelves  to  the  Tides, 
and  form  a cruft  which  is  cleared  off  by  crimi- 
nals, who  are  condemned  to  this  work  for  crimes 
that  by  the  law  deferve  death.  The  cobalt  ores 
of  Saxony  afford  all  the  arfenic  of  commerce. 
When  the  oxide  of  cobalt  is  cleared  of  arfenic, 
it  is  known  by  the  name  of  Zaffer.  The  zaffer 
of  commerce  is  mixed  with  three-fourths  of 
fand.  This  oxide,  fufed  /with  three  parts  of 
fand,  and  one  of  pot-afh,  forms  a blue  glafs, 
which,  when  pounded,  lifted,  and  afterwards 
ground  in  mills,  included  in  large  calks,  forms 
Smalt.  In  order  to  obtain  the  blue  of  various 
degrees  of  finenefs,  the  fmalt  is  agitated  in  calks 
filled  with  water,  and  pierced  wTith  three  open- 
ings at  different  heights.  The  water  of  the  up- 
per cock  carries  out  the  lighted:  blue,  which  is 
called  Azure  of  the  Firfl:  Fire  : the  heavier  par- 
ticles fall  more  fpeedily  ; and  the  azure  brought 
out  by  the  wTater  of  the  three  cocks,  forms  the 
different  degrees  of  finenefs  known  under  the 
names  of  Azure  of  the  Firlt,  Second,  and  Third 
Fire. 

Bohemia  and  Saxony  have  hitherto  polfelfed 
the  exclufive  power  of  fupplying  us  with  thefe 
products.  A defeription  of  thefe  capital  w-orks 
may  be  feen  in  the  mineralogical  productions  of 
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Meffrs.  Jars.  The  works  of  Saxony  have  been 
fupplied,  for  feveral  years,  by  the  cobalt  ore  dif- 
covered  in  the  Pyrenean  Mountains,  in  the  val- 
ley of  Gillen.  But  the  Comte  de  Beuft  has 
formed  eftablifhments  which  fecure  to  us  the 
benefit  of  this  commerce  ; and  he  has  even  been 
fo  fortunate  as  to  find,  near  the  village  of  Juget, 
a quartz  fufficiently  charged  with  cobalt  to  ad- 
mit of  being  fufed  without  any  addition  of  co- 
louring matter. 

The  eflablifhment  of  the  Comte  de  Beuft  is 
capable  of  manufacturing  fix  thoufand  quintals 
of  azure,  or  enamel  blue  ; and  is  able  not  only 
to  fupply  our  own  wants,  but  to  enter  into  com- 
petition with  the  works  of  Saxony  for  the  foreign 
trade  *. 

He  has  likewife,  in  concert  with  the  Baron 
Dietrich,  difcovered  the  procefs  of  making  pow- 
der blue;  a fecret  which  was  exclufively  in  the 
poffeftion  of  the  Hollanders  till  the  prefent  time. 

Smalts  are  ufed  in  the  preparation  of  cloths, 
laces,  linens,  muflins,  thread,  &c. 

The  azures  are  mixed  with  flarch,  and  form 
the  blue  fo  well  known  and  univerfally  ufed  by 
laundreffes. 

* A defcription  of  the  works  of  the  Comte  de  Beuft  may 
be  feen  in  the  Defcription  des  Giles  dcs  Mineral's , da  Forges , et 
f s Salins  de  Pyrenees,  par  M.  le  Baron  de  Dietrich. 
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It  is  likewife  employed  in  forming  blue  paint- 
ings on  fayence,  porcelain,  and  other  potteries  ; 
cryftals  and  glaffes  are  coloured  blue  by  this 
fubftance ; and  it  is  alfo  ufed  in  painting  in 
frefco. 

The  coarfeft  blues  are  ufed  by  the  confection- 
ers and  others,  in  the  way  of  ornament ; and 
in  Germany  they  are  ufed  as  fand  for  writing- 
paper. 

The  confumption  of  fmalt,  azure,  blue  fands, 
and  zaffers,  in  the  kingdom  of  France  only,  is 
eftimated  at  four  thoufand  quintals,  which  are 
fold  from  feventy-two  to  fix  hundred  livres  the 
quintal. 

Cobalt  is  foluble  in  the  acids. 

One  part  of  this  metal,  difiilled  with  four 
parts  of  fulphuric  acid,  affords  the  fulphureous 
acid  ; and  the  refidue  in  the  retort  is  the  ful- 
phate  of  cobalt,  foluble  in  water,  and  capable 
of  cryftallizing  in  tetrahedral  rhomboidal  cryftals, 
terminating  in  a dihedral  fummit. 

Barytes,  magnefia,  lime,  and  alkalis  decom- 
pofe  this  fait,  and  precipitate  the  cobalt  in  the 
form  of  oxide. 

One  hundred  grains  of  cobalt  difiblved  in 
the  fulphuric  acid,  and  precipitated  by  foda,  af- 
ford one  hundred  and  forty  grainsof  precipitate, 

and 
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and  one  hundred  and  fixty  when  precipitated  by 
chalk. 

The  nitric  acid  diffolves  cobalt  with  effervef- 
cence.  The  folution  affords  cryftals  in  needles, 
which  have  not  been  ftridtly  examined.  Thi3 
fait  is  deliquefcent,  boils  on  the  coals  without 
detonating,  and  leaves  a deep  red  calx.  I have 
feen  this  fait  in  very  fhort  beautiful  hexahedrai 
pyramids.  It  decrepitates  and  fufes  on  charcoal. 

The  muriatic  acid  does  not  diffolve  cobalt  in 
the  cold,  but  by  the  afli fiance  of  heat  it  diffolves 
a portion  of  it.  This  acid  adts  more  efpecially 
upon  the  zaffer,  and  the  folution  is  of  a very  fine 
green,  and  when  diluted  with  water  conftitutes 
a very  fingular  fympathetic  ink  - for  it  paffes 
from  a lilac,  or  violet  colour,  to  purple,  green, 
and  black. 

The  nitro-muriaticacid  likewife  diffolves  co- 
balt, and  forms  the  fympathetic  ink,  which 
Hellot  has  called  the  Ink  of  Bifmuth. 

Ammoniac  likewife  diffolves  zaffer,  and  pro- 
duces a liquor  of  a beautiful  red  colour. 
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Concerning  Nickel . 


HYERNE  appears  to  have  been  the  firft 
who  treated  of  nickel,  under  the  name 
of  Kupfernickel,  in  1694,  in  a work  on  Mine- 
rals. 

Henckel  confidered  it  as  a fpecies  of  cobalt 
or  arfenic  mixed  with  copper. 

Cramer  has  likewife  placed  it  among  the  ores 
of  copper;  and  it  was  not  until  the  year  1751 
that  Cronftedt  obtained  a new  femi-metal  from 
this  pretended  mixture. 

Kupfernickel  is  found  not  only  in  the  German 
diftridts,  but  likewife  in  Dauphiny,  and  in  the 
Pyrenean  Mountains.  In  digging  out  a calca- 
reous (tone  for  building,  at  Bareges,  and  oppo- 
lite  St.  Sauveur,  fmall  veins  and  lumps  of  nickel 
were  found  in  the  calcareous  fpar,  fome  parts 
of  which  were  reduced  to  ^the  ftate  of  green 
oxide.  Mr.  Sage,  who  analyfed  that  of  Biber 
in  HefTe,  and  that  of  Allemont,  found  it  to 
contain  gold.  J 
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In  order  to  obtain  nickel  from  its  ore;  it  mud 
firif  be  torrefied  to  difengage  the  arfenic ; ‘and' 
the  oxide  muff  then  be  fufed  with  three  parts  of 
black  flex,  and  a fmall  quantity  of  coal.  This 
mct'alTs^of  a*  reddi'fh  grey  colour. 

V * I f • . * ■ » ’ ) ^ f . f - , . * * 

TheTpecific  gravity  of  fufed  nickel  is  7,8070. 
BrifTon. 

As  it  is  very  difficult  to  drive  off  all  the  arfe- 
nic  by  a1  previous  torrefacfioii,  the  metal/  when 
urged  by  a previous  fire,  flill  fuffers  arfenic  to 
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eicape. 

The  methqds  pointed  out  by  Bergmann  and 
Arvidfon  to  purify  nickel,  conlid  in  repeated 
calcinations  and  reductions;  but  thefe  opera- 
tions tieparate  the.  arfenic  only ; and  Bergmann 
admits  that  he  did  not  Tiicceed  in  completely 
depriving  it  of  its  iron,  though  he  treated  it  by 
every  fuitable  method.  He  feems'  difpofed  to 
confider  it  as  a modification  of  iron. 

The  Differtation  of  Bergmann  De  Nicolo, 
Opufcula,  t.  ii.  may  be  confulted  on  the  nature 
of  this  metal ; and  alfo  the  Analyfe  Chimique  of 
Mr.  Sage. 

The  fulphuric  acid  diftilled  upon  nickel  af- 
fords fulphureous  acid,  and  leaves  a greyifh  re- 
iidue,  which,  when  dilfolved  in  water,  commu- 
nicates to  it  a green  colour. 

The  fulphate  of  nickel  efflorefees  in  the  air. 
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Nickel  is  attacked  very  ftrongly  by  the  nitric 
acid.  The  folution,  when  evaporated,  affords 
cryftals  of  a beautiful  green,  in  rhomboidal 
cubes. 

The  nitric  acid  likewife  diffoives  the  oxide  of 
nickel,  and  forms  with  it  deliquefcent  cryftals  of 
a fine  emerald  green,  and  of  a rhomboidal  form> 
according  to  Bergmann. 

The  muriatic  acid  diffoives  nickel,  when 
heated.  The  folution  produces  cryftals  of  the 
moft  beautiful  emerald  green,  and  of  the  figure 
of  long  rhomboidal  o&ahedrons. 

Cronftedt  has  taught  us  that  nickel  combines 
with  fulphur  by  fufion,  and  that  the  refult  is  a 
hard  yellow  mineral,  with  fmall  brilliant  facets. 
The  fame  chemift  diffolved  this  laft  metal  in  the 
fulphur  of  pot-afh,  and  formed  a compound 
refembling  the  yellow  copper  ores. 

Nickel  does  not  amalgamate  with  mercury. 
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CHAP.  IV. 

Concerning  Bifmuth . 

BISMUTH,  or  tin-glafs,  is  a femi-metal 
of  a fhining  yellowifh  white,  difpofed  in 
plates  and  chatoyant.  It  has  fome  analogy 
with  lead;  and,  like  that  metal,  it  paffes  off 
on  the  cupel,  carrying  the  bafer  metals  along 
with  it. 

The  fpecific  gravity  of  fufed  bifmuth  is  9,3227* 
— See  BrifTon. 

Bifmuth  is  the  mod  eafily  fufed  of  all  the  femi- 
metals,  after  tin.  It  requires  only  the  200th 
degree  of  heat. 

It  is  found  in  various  dates  in  the  bowels  of 
the  earth,  either  native,  or  combined  with  ful- 
phur,  arfenic,  or  oxygene. 

1.  Native  bifmuth  is  fometimes  cryftallized 
in  cubes:  Wallerius  and  Cronftedt  found  it  in 
this  form  in  the  mines  of  Schneeburg  in  Saxony* 
Thefe  cryftals  often  reunite  in  the  form  of  den- 
drites, in  the  fpathofe  or  quartzofe  gangues* 
Native  bifmuth  is  found  in  maffes,  covered  with 
protuberances  refembling  ftaladHtes. 
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Native  bifmuth  is  frequently  altered  by  a 
flight  decompofition  of  its  metallic  furface. 

The  native  bifmuth  of  Saxony  is  fometimes 
irifed,  and  mixed  with  arfeiiit : it  has  a reddifli 
jafper  for  its  gangue. 

2.  Arfenical  bifmuth  is  of  a vvhitifh  and  bril- 
liant grey  colour.  This  ore  is  fometimes  co- 
vered with  ochre  of  bifmuth,  and  often  con- 

' 

tains  cobalt.  I have  feen  pieces  of  arfenical  bif- 
muth, from  Schneeburg,  in  the  form  of  den- 
drites on  a . gangue  of  jafper. 

3.  We  are  indebted  to  Mr.  Cronftedt  for  the 
knowledge  of  a fulphureous  ore  of  bifmuth. 
That  which  he  has  deferibed  is  of  a blueifh  bril- 
liant grey  colour. 

This  fpecies  frequently  pOiTcfTes  the  lamel- 
lated  texture  of  the  large  plated  galena,  which 
has  cau fed  Linnaeus,  Wallerius,  and  others,  to 
give  it  the  name  of  Galena  of.  Bifmuth.  It  is 
found  at  Batneas,  at  Riddarrhitan,  in  Weftman- 
land.  It  decrepitates  on  heated  coals,  and  re- 
quires to  be  pulverifed,  in  order  to  torrify  it 
without,  lqfs.  . 

The  galena  rof  bifmuth  is  fometimes  flriated. 

The  fulphureous  ore  of  bifmuth  is  fometimes 
compad:,  of  an  obfeure  colour,  fprinkled  with 
fmall  brilliant  points.  That  of  Schneeburg  in 
Saxony  is  of  this  kind.,  . 
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Mr.  De  la  Peyroufe‘  difcovered,  in  1773,  on 
the  mountains  of  Melles  in  Cominges,  in  the 
quarter  called  Les  Raitz,  an  ore  of  bifmuth, 
which  refembles  the  fmall  plated  galena,  and  has 
no  external  difference,  excepting,  that  it  is  lefs' 
heavy.  This  ore  is  mineralized  by  fulphur,  in 
the  proportion  of  thirty^hve  livres  per  quintal. 

4.  Cronftedt,  Linnaeus,  Jufti,  and  De  Born, 
have  fpoken  of  bifmuth  ore  of  a greenifh  yel- 
low, found  in  Saxony  and  in  Sweden.  Mr. 
Sage  communicated  to  the  Academy,  on  the 
17th  of  A ugu if,.  17 8.0,  the  analyfis  of  an  earthy, 
folk},  yellow ifh  green  ore  of  bifmuth.  ! He  ob- 
tained quartz  in  the  proportion  of  one-third, 
fome  carbonic  acid,  . thirty-fix  pounds  of  bif- 
muth per  quintal,  and  twenty-four  grains  of 
filver:  he  found  neither  copper  nor  iron.  Bo- 
lides this  green  ore,  he  analyfed  a yellow,  folid,* 
(lightly  brilliant,  and  fometimes  femi-tranfparent 
ore,  which  afforded  him  nearly  the  fame  refults, 
but  nine  pounds  more  of  bifmuth. 

This  oxide  muff  be  f 11  fed  in  the  blaff  furnace. 

The  fufibility  of  bifmuth  renders  the  working 
of  this  ore  very  fimple,  and  the  apparatus  may  be 
varied  in  feveral  ways.  Nothing  more  is  necef- 
fary  than  to  throw  the  ore  into  the  fire,  and  to 
make  a cavity  underneath  to  receive^  the  femi- 
metal. 
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Bifmuth,  when  heated  to  rednefs,  burns  with 
a blue  flame,  fcarcely  perceptible.  Its  oxide 
rifes  in  the  form  of  a yellowifh  fume,  which, 
when  condenfed,  forms  the  flowers  of  bifmuth. 
Its  weight  is  increafed  twelve  per  cent,  in  paf- 
flng  to  the  flate  of  oxide. 

Mr.  Darcet  has  converted  bifmuth  into  a glafs 
of  a dull  violet  colour. 

Bifmuth  may  be  fubftituted  inflead  of  lead,  in 
the  procefs  of  cupellation.  Its  vitrification  is 
even  more  fpeedy. 

The  fulphuric  acid,  boiled  on  bifmuth,  fuf- 
fers  fulphureous  acid  to  efcape,  and  partly  dif- 
folves  the  femi  metal.  The  fulphate  of  bifmuth 
does  not  cryftallize,  but  is  very  deliquefcent. 

The  nitric  acid  attacks  bifmuth,  and  is  very 
fpeedily  decompofed.  Nitrous  gas  is  difen- 
gaged,  while  the  oxigene  is  fixed  in  combination 
with  the  metal.  There  is  nevcrthelefs  a portion 
dilfolved  which  is  capable  of  forming  a fait  in 
rhomboidal,  tetrahedral  prifms,  terminating  in 
a tetrahedral  pyramid  with  unequal  faces.  This 
nitre  detonates  weakly  with  reddifh  fcintilla- 
tions ; and  melts,  fwells  up,  and  leaves  an  oxide 
of  a greenilh  yellow  colour. 

This  fait  lofes  its  tranfparency  in  the  air,  at 
the  fame  time  that  its  water  of  cryflallization 
flies  off*. 


The 
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The  muriatic  acid  does  not  ad:  on  bifmuth 
but  in  the  courfe  of  a confiderable  time ; and 
for  this  purpofe  it  muft  be  highly  concentrated. 
The  muriate  of  bifmuth  is  of  difficult  cryftal- 
lization,  and  ftrongly  attrads  the  humidity  of 
the  air. 

Water  precipitates  this  femi-metal  from  all 
its  folutions  ; and  the  precipitate,  when  well 
waftied,  is  known  by  the  name  of  Magiftery  of 
Bifmuth,  or  white  paint  for  the  complexion. 
This  white  is  ufed  as  a pigment  for  the  fkin ; 
but  ftrong  or  fulphureous  vapours,  and  even  the 
animal  tranfpiration,  convert  it  into  metal,  and 
alter  its  colours.  The  hair-drefiers,  when  they 
are  defirous  of  converting  hair  to  a black  co- 
lour, fmear  it  with  a pomatum  prepared  with 
the  magiftery  of  bifmuth. 

Bifmuth  is  ufed  by  the  pewterers  to  give 
hardnefs  to  the  metallic  compofitionof  pewter. 

Mr.Potthas  publifhed  a diflertation,  in  which 
he  affirms  that  phyftcians  have  made  ufe  of  fome 
preparations  of  this  femi-metal : but  it  is  proper 
that  it  ftiould  be  prohibited,  becaufe  it  almoft 
always  retains  a portion  of  arfenic,  and  itfelf 
partakes  of  the  noxious  properties  of  lead. 

The  white  of  bifmuth  is  very  much  ufed  as  a 
paint  for  the  complexion.  Its  various  folutions 
form  fympathetic  inks,  which  are  more  or  lefs 

curious. 
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Curious.-  of?Pa& count  of  the  facility  with  which 
this  otffde"  iS'akoredf  and'  becomfesblack. 

• Schluter,  Whis  kreatke  of  th$  Fufion  of 
Ores,  pretends  that  it  may  be  ti-fed  in  making 
the  azure* blue  giafs  - but  it  appears,  from  his 
own  account,  that  he  made  ufe  of  a bifmuth 
ore  very  ribh  in- cobalt; Tor  he  fays,  that  a mo- 
derate fire  caufe's’  this  ore  to  buffer  its  bifmuth 
to  flaw  out,  and  that  the  residue  is  a grey  and 
•fixed  earth,  which  rhay  be,  employed  to  advan- 
tage in  making  the  blue;  - * i . 

This  femiwrti^al  unife^  with  all  the  metals; 
but  ' very  difhbliltPy,  in  the  way  of  fufibn*  with 
the’  other  femi^rrietals,  or;  the  •metallic  oxides. 
•Antimony;  zinc,  cobalt,  and  arfenic,  refufe  this 
union.  : •'  :;i  •••*••=  <v  “1 

Bifmuth  fufed  with  gold  renders  it  eager, 
and  communicates  to  it  .its  own  colour.  I*c  does 
notTender  fiver  fo  brittle  as  gold':  it  dim!- 
nifties  the  red  colour  of  copper,  but  is  deprived 
of  its  own  colour  by  uniting  with  lead;  the 
two  metals',  in  this  cafe,  forming  an  alloy,  of  a 
dark  grey  colour.  When  bifmuth  is  mixed  in 
a fmall  proportion  with  tin,  it  gives  it  a greater 
degree  of  brilliancy  and  hardnefs.  It  may  be 
united  with  iron  by  a violent  heat. 

Bifmuth  amalgamates  with  mercury,  and 
forms  a fluid  alloy;  a circumflance  which  has 

induced 
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induced  certain  unprincipled  druggifts  to  mix  it 
with. that. metal*  The  fraud, may. be  known  from 
the  mercury  being  lefs  fluid  than  before,  and 
no  other  tefl  is  neceffary  than  to  dilFolve  the 
mixture  in  fpirit  of  nitre;  for  the  bifmuth  will 
be  precipitated  by  the  addition  of  water. 

This  property,  however,  of  amalgamating  com- 
pletely with  mercury,  may  caufe  it  to  be  applied 
with  advantage  in  the  filvering  of  glaffcs,  by  an 
amalgam  of  tin,  bifmuth,  and 'mercury.  This 
is,  perhaps,  the  circumffance  which  has  obtained 
it  the  name  of  tin-gUfs. 

The  fufible  alloy  of  Mr.  Darcet  is  a mixture 
of  eight  parts  of  bifmuth,  five  of  lead,  and  three 
of  tin.  It  melt-s;  in  \va.ter  at  the  Jevgnty- third 
degree  of  Reaumur,  and  flows  like  mercury* 

' TV.:  ' ‘ ' V::oj  iic  • r.  /ml.- ) - 
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CHAP.  V. 

Concerning  Antimony* . 

-o;  { V’  v . . -.do:  r : ' 

ANTIMONY  is  a femi-rhetal  which  has 
fingularly  engaged  the  attention  of  alche- 
miffs.  They  confidered  it  as  the  bails  of  their 
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great  work ; and  it  is  dcfcribed  in  their  writings 
under  the  names  of  the  Radical  Principle  of 
Metals,  Sacred  Lead,  &c. 

This  femi-metal  is  famous  for  the  difputes 
which  were  maintained  concerning  it  at  the  be- 
ginning of  the  lixteenth  century.  It  was  pro- 
hibited by  a decree  of  parliament,  at  the  folicita- 
tion  of  the  faculty  of  Paris.  Paumier,  of  Caen, 
a fkilful  phyfician  and  chemift,  was  degraded  by 
the  Faculty  of  Medicine,  for  having  employed 
it,  in  1609. 

This  fame  profcribed  metal  was  re-eftablifned 
in  1624,  and  at  prefent  affords  the  mod:  powerful 
remedies  poffeffed  by  the  medical  art. 

1 Bazilius  Valentinus,  a zealous  partizan  of  an- 
timony, pleaded  its  caufe  with  much  warmth 
and  enthufiafm,  in  a work  entitled  Currus  Tri- 
umphalis  Antimonii ; and  Lemery  has  written  a 
large  volume,  to  decry  the  preparations  of  this 
femi-metal. 

As  this  fubftance  afforded  employment  for  a 
long  time  to  the  alchemifts,  its  ftudy  is  rendered 
particularly  difficult  by  the  multiplicity  of  pre- 
parations, and  the  barbarous  names  which  have 
been  given  to  them,  and  to  the  variety  of  pro. 
ceffes ; but  by  confounding  preparations  of  the 
fame  nature,  by  bringing  the  analogous  produ&s 
together,  rejefting  at  the  fame  time  the  nu- 
merous 
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merous  lift  of  barbarous  names  which  have  been 
beftowed  on  one  and  the  fame  thing,  and  by  re- 
ducing the  procefies  to  that  ftmplicity  of  which 
the,  well-known  preparations  are  fufceptible,  we 
may  fucceed  in  forming  an  accurate  and  precife 
idea  of  the  nature  and  properties  of  this  metal. 

Antimony  is  found  in  the  bowels  of  the  earth, 
in  four  different  ftates. 

1.  In  the  metallic  form. 

2.  Combined  with  arfenic. 

3.  Mineralized  with  fulphur. 

4.  In  the  ftate  of  oxide. 

1.  Some  authors  pretend  that  antimony  in  the 
metallic  ftate  was  difcovered  in  the  year  1748, 
by  Ant.  Swab,  in  the  mine  of  Sahlburg,  in 
Sweden.  Swab  affirms  that  it  has  the  colour  of 
lilver,  that  its  texture  is  formed  of  large  brilliant 
plates,  and  that  it  eaftly  amalgamates  with  mer- 
cury. Cronftedt,  Wallerius,  Linnaeus,  and  Car- 
theufer,  do  not  hefitate  to  admit  of  native  anti- 
mony; but  Lehman,  Jufti,  and  Vogel,  deny  its 
exiftence  ; and  Mr.  de  Lille  thinks  that  this  pre- 
tended regulus  is  nothing  but  the  white  arfenical 
ore  of  antimony.  The  abbe  Mongez  affirms 
that  he  has  difcovered  native  antimony  at  Alle- 
mont  in  Dauphiny.  It  is  the  fame  ore  which 
Mr.  Le  Sage  has  defcribed  under  the  name  of 
the  Arfenical  Ore  of  Antimony. 


If 
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If  this  native  antimony  really  exifts,  it  is  pro- 
bably cryftaliized  like  the  metal  itfelf,  which  is 
known  to  us,  and  whofe  cryflals  are  either  octa- 
hedrons inferred  one  in  the  other,  or  cubes  placed 
one  upon  each  other  flantwife. 

2.  The  arfenical  ore  of  antimony  may  be  con- 
fidcred  as  a true  regulus  by  thofe  who,  after 
Bergmann,  do  not  admit  of  arfenic  as  a mine- 
ralizer ; for  the  ore  is  then  confidered  as  an 
alloy  of  the  two  reguli. 

This  ore  is  as.  white  as  filver,  and  exhibits 
large  facets  like  antimony.  The  fpecimen  was 
lent. from  Allemont  in  Dauphiny,  to  Mr.  Sage. 
Its_gangue  is  quartz.  Small  fafces  of  the  grey, 
and  red  ores  of  antimony,  flriated  and  radiated* 
and;  not  containing. arfenic,  are  fometimes  found 
in  the  cavities  of  this  Hone. 

The  antimony  and  the  arfenic  exifl  in  the 
metallic  (late  in  this  ore.  The  arfenic  adheres 
fo  flrongly  to  the  antimony,  that.it  cannot  be  dif- 
engaged  by  tor  refaction.  Mr.  Sage  combined 
the  ore  with  fulphur,  and  obtained  orpiment  and 
realgar.  This  mineralogift  has  concluded,  from 
his  analyfes,  that  the  arfenic  exifted  in  the  pro- 
portion of  fixteen  pounds  in  the  hundred. 

3.  Antimony  is  ufually  mineralized  by  ful- 
phur, in  which  combination  it  exhibits  three 
or  four  very  dillindt  varieties.  It  is  fometimes 

cryflal- 
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cryftallized  of  a grey  colour,  inclining  td>  blue. 
The  cryftals  are  very  frequently  flend:r,  oblong, 
hexahcdral  prifms,  terminated  by  tetrahedral  py- 
ramids. The  mines  which  are  wrought  in  Au-^ 
vergne  afford  us  beautiful  prifms,  of  the  fame 
geometrical  form,  but  thicker  than  thofe  of  the 
antimony  of  Hungary.  Thefe  laft  cryftals  foon 
become  of  an  irifed  colour ; but  thofe  of  the 
mines  of  Auvergne  are  not  fo  fpeedily  changed. 

I polfefs  a large  fpecimen  of  antimony  from  the 
neighbourhood  of  Alais,  which  is  entirely  co- 
vered with  cryftals  perfeftly  frmiiar  to  thofe  of 
Hungary.  It  frequently  happens'  that  thefe 
cryftals  are  confufed  and  indiftindf,  in  which 
cafe  the  ore  appears  to  be  formed  of  very  {lender 
prifms  applied  fidewife  to  each  other.  That 
which  is  called  plumofe  antimony  does  not  dif-, 
fer  from  thefe  varieties,  excepting  that  its  cryf- 
tals are  very  {lender  and  detached.  They  are 
ufually  of  a blackifh  grey.  This  variety  has 
been  arranged  among  the  ores  of  filver,  becaufe 
for  the  moft  part  it  contains  that  metal. 

Ores  of  antimony  have  been  found  in  feveral 
parts  of  France;  but  our  province  of  Languedoc 
exhibits  very  curious  fpecimens..  We  have 
them  at  Malbos,  in  the  county  of  Alais.  This 
mineral  has  been  wrought  in  the  diocefe  of 
IJzes;  but  the  want  of  confumption  has  pre- 
vented 
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vented  the  works  from  going  on  with  fpirit, 
Mr.  De  Genfanne  has  obferved  in  Vivarais  a 
large  vein  of  ore  of  antimony  in  a ftratum  of 
pitcoal. 

The  decompofition  of  the  fulphureous  ore  of 
antimony  produces  the  red  antimonial  ore.  The 
red  ore  more  efpecially  accompanies  the  fpecular 
antimony  of  Tufcany.  Its  furfaces  appear  to  be 
corroded,  or  rendered  carious  by  decompofition ; 
and  when  a piece  is  broken,  it  emits  a powder 
which  has  the  properties  of  kermes. 

The  decompofition  of  fulphureous  antimony 
like  wife  produces  the  fulphate  of  antimony. 
Some  varieties  of  thefe  antimonial  decompofi- 
tions  may  likewife  be  feen  in  the  Analyfe  Chi- 
mique  of  Mr.  Sage. 

Antimony  is  found  in  two  fiates  in  the  courfe 
of  trade;  namely,  in  the  form  of  crude  anti- 
mony, and  in  the  metallic  form. 

Crude  antimony  is  nothing  elfe  than  the  ful- 
phureous ore  of  antimony  cleared  of  its  gangue. 
For  this  purpofe  the  ore  is  put  into  pots  pierced 
at  the  bottom,  and  difpofed  upon  other  pots 
buried  in  the  earth.  The  uppermofl  pots,  which 
contain  the  mineral,  are  then  heated ; the  anti- 
mony becomes  fufed,  and  flows,  together  with 
its  fulphur,  into  the  lower  veffels,  while  the 
gangue  remains  in  the  upper  pots. 


As 
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As  the  mixture  of  antimony  and  fulphur  is 
very  fufible,  this  procefs  may  be  varied  in  a 
thoufand  ways.  I have  myfelf  wrought  an  anti- 
monial  ore  with  the  greateft  oeconomy,  by  fufing 
it  in  a furnace,  over  the  arch  of  which  I had 
difpofed  the  ore,  broken  into  pieces  of  five  or 
fix  pounds  weight  each.  The  heat  was  com- 
municated to  the  whole  mafs  by  five  openings 
in  the  arch  or  roof;  and  the  antimony,  as  it 
melted,  ran  down  on  the  outfide  of  the  furnace, 
by  means  of  channels  cut  in  the  convex  part  of 
the  dome.  This  method  afforded  forty  quintals, 
of  antimony  in  twenty-feven  hours,  by  the  con- 
fumption  of  between  twenty  and  thirty  quintals 
of  combuftible  matter. 

We  are  acquainted  with  two  methods  of  de- 
priving crude  antimony  of  its  fulphur.  1.  The 
flow  and  gradual  calcination  of  the  ore,  which 
affords  a grey  oxide,  and  this  urged  by  a violent 
heat  is  converted  into  a reddifh  and  partly  trans- 
parent glafs  of  antimony.  It  does  not  affume 
this  tranfparence  unlefs  it  has  been  perfectly 
fufed.  The  glafs  of  antimony  is  a violent  cor- 
rofive,  but  is  capable  of  being  corre&ed  by 
mixing  or  kneading  it  with  yellow  wax,  and  after- 
wards burning  off  the  wax;  or  otherwife  by  tri- 
turating it  with  a volatile  oil.  This  is  the  cerated 
antimony  of  Pringle,  fo  much  extolled  in  dyfen- 

teries. 
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teries.  2.  Or  otherwife,  the  antimony  may  be  de- 
prived of  its  fulphur  by  projedling  into  an  ignited 
crucible  a mixture  of  eight  parts  of  crude  anti- 
mony, fix  of  tartar,  and  three  of  nitre.  By  keep- 
ing this  mixture  for  a certain  rime  in  fufion,  the 
antimony  is  obtained  in  the  metallic  fiate. 

In  the  large  works  antimony  is  torrefied  in  an 
oven  refembling  that  of  the  bakers.  Fifty 
pounds  of  dried  wine  lees  or  tartar  are  mixed 
with  a hundred  pounds  of  the  oxide  of  antimo- 
ny, and  the  mixture  is  then  fufed  in  proper  cru- 
cibles. The  metallic  button  contains  the  form 
of  the  crucible  ; and  thefe  loaves  of  antimony 
exhibit  a (far  on  their  upper  furface,  which  has 
been  confidered  as  peculiarly  charaderifiic,  but 
is  in  fad:  nothing  more  than  a confufed  cryftal- 
Iization  formed  by  odahedrons  inferted  one  in 
the  other. 

# • 'H 

Copper,  filver,  and  iron,  when  fufed  with  the 
fulphure  of  antimony;  feize  its  fulphur,  and  re- 
duce it  to  the  (fate  of  regulus.  This  has  been 
diftinguifhed  by  the  name  of  the  metaf  em- 
ployed. Thus  we  hear  of  the  regulus  of  Mars, 
of  Venus,  &c. 

Antimony  is  difficult  of  fufion  ; but  when  once 
melted,  it  emits  a white  fume,  know  n by  the 
name  of  Argentine  Snow7,  or  flowers  of  Anti- 
mony. Thefe  fumes,  when  collected,  form  very 

brilliant 
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brilliant  prifmatic  tetrahedral  cryftals : Mr. 
Pelletier  has  obtained  them  in  tranfparent  octa- 
hedrons. The  argentine  flowers  of  antimony 
are  foluble  in  water,  which  they  render  emetic. 
The  volatility  and  folubility  of  this  fublimed 
oxide  exhibit  a refemblanoe  with  the  oxide  of 
arfenic  before  treated  of.  We  are  indebted  to 
Rouelle  for  thefe.  obfervarions  on  the  proper- 
ties of  this  anti  menial  oxide.  1 

Antimony  is  very  {lightly  changed  by  ex- 
pofure  to  air,  in  which  it  long  preferves  its 
brilliancy. 

The  fpecific  gravity  of  fufed  antimony  is 
6,70.21. — See  Briflon.  _ , 

The  fulphuric  acid,  by  flow  ebullition  upon 
this  metal,  is  partly  decompofed.  Sulphureous 
gas  hr  ft  efcapes,  and  fnl.ph.tir  itfelf  is  fublimed 
towards  the  end.  When  four  parts  of  the  acid 
are  u fed  with  one  of  antimony,  the.  refid ue, 
after  the  action  of  the  acid,  conflfts  of  the  me- 
tallic oxide,  withja  frnall  quantity  of  thefulphate 
of.antimony,  which  may  be  feparated  by  means 
of  diftilled  water.  This  fulphate  is  very  deli- 
quefcent,  and  is  eafily  decompofed  in  the  fire. 

The  nitric  acid  is  decompofed  upon  this 
femi-metaj  with  great  facility,  it  oxides  a con- 
fiderable  part,  and  diiiblves  a portion,  which 
may  be  fufpended  in  w ater,  and  forms  a very 
Vol.  II.  S deli- 
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deliquefcent  fait,  dccompofable  by  heat.  The 
oxide  prepared  *by  this  means  is  very  white,  and 
very  difficult  of  reduction.  It  is  a true  bezoar 
mineral. 

The  muriatic  acid  ads  upon  antimony  only 
-by  a long  digeftion.  Mr.  Fourcroy  has  ob- 
served that  this  acid,  long  digefled  upon  the 
metal,  diffolves  it;  and  that  the  muriate  of  an- 
timony, obtained  by  a Strong  evaporation  in 
the  form  of  Small  needles,  is  very  deliquefeent. 
It  is  fufible  in  the  fire,  and  likewife  volatile. 
Mr.  Monnet  has  proved  that  twelve  grains  of 
the. oxide  of  antimony  are  Sufficient  to  Saturate 
half  an  ounce  of  the  ordinary  muriatic  add. 
Meffirs.  Monnet  and  De  Fourcroy  have  always 
found  that  there  is  a portion  of  the  muriate  of 
antimony  which  is  not  volatilized  by  the  fire: 
this  depends  upon  its  being  Strongly  oxided  or 
calcined. 

If  two  parts  of  the  corrofive  muriate  of  mer- 
cury, and  one  of  antimony,  be  diftilled  toge- 
ther, a very  flight  degree  of  heat  drives  over  a 
butyraceous  matter,  which  is  called  butter  of 
antimony,  or  the  Sublimed  muriate  of  anti- 
mony. It  may  be  prefumed  that  the  acid  in 
this  composition  is  in  the  date  of  oxigenated 
muriatic  acid,  as  it  is  in  the  corroflve  Sublimate. 

The  Sublimed  muriate  of  antimony  becomes 
i fluid 


Antimonial  Preparations.  2^9 

fluid  by  a very  gentle  heat ; and  by  virtue  of 
this  property  it  may  conveniently  be  poured 
from  one  veffel  to  another  ; for  nothing  more 
is  neceiTary  than  to  plunge  the  bottle  which 
contains  it  into  hoi.  water,  and  the  muriate  may 
then  be  poured  out  in  its  liquid  ftate. 

■ I have  feveral  times  obferved  this  muriate  of 
antimony  cryftallized  in  hexahedral  prifms 
with  dihedral  fummits:  two  fides  of  the  prifm 
are  inclined,  and  form  that  which  the  ancient 
chemifts  diftinguifhed  by  the  name  of  cryftals 
in  the  form  of  a tomb.  This  muriate  is  ufed 
as  an  efcharotic.  When  the  fait  is  diluted  with 
water,  a white  powder  falls  down,  called  powder 
of  algaroth,  or  mercurius  vitse*  This  powder 
does  not  contain  an  atom  of  the  muriatic  acid, 
and  is  merely  an  oxide  of  antimony  produced 
by  that  acid. 

Simple  water  has  feme  adlion  upon  this  femi- 
metal  for  we  find  that  it  becomes  purgative 
by  remaining  in  contact  w ith  it.  Wine,  and  the 
acetous  acid,  completely  dilfolve  it:  but  the 

emetic  wine  is  an  uncertain  remedy;  becaufe  is 

• - - - 

is  impoflrble  to  determine  with  abfolute  cer- 
tainty the  degree  of  its  energy,  which  depends 
upon  the  very  variable  degree  of  acidity  of  the 
wine  made  ufe  of.  The  emetic  wine  ought  not 
therefore  to  be  ufed  but  in  external  applications. 

S a The 
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The  gaftric  fluids  likewife  diflolve  this  femi- 
metal,  as  is  proved  by  the  famous  perpetual 
pills.  This  purgative  has  been  diflinguifhcd 
by  the  name  of  Perpetual  Pills  ; becaufe,  being 
very  little  alterable,  the  pill  may  be  tranfmitted 
from  generation  to  generation. 

The  acid  of  tartar  forms' a -very  well  known 
fait  with  antimony,  which  is  much  employed 
in  medicine,  under  the  name  of  Emetic  Tartar, 
Stibiated  Tartar,  or  Amply  Emetic.  It  is  this 
fait  which,  in  the  New  Nomenclature,  is  dif- 
tinguiflied  by  the  name  of  Antimoniated  Tar- 
trite  of  Pot-afh. 

In  the  examination  of  the  various  authors 
who  have  treated  of  the  preparations  of  this 
remedy,  as  well  as  by  comparing  the  moft  ce- 
lebrated difpenfatories.  we  do  not  find  two 
which  propofe  an  uniform  procefs  which  is 
conftant  and  invariable  in  its  effects. 

jSome  prefenbe  the  crocus  metallorum,  or 
femi-vitreous  oxide  of  fulphurated  antimony  $ 
others  the  glafs  of  antimony  ; others  the  liver  of 
antimony,  or  fulphurated  o^ide  of  antimony  ; 
and  others  the  fublimed  oxide  : fome  combine 
feveral  of  thefe  fubftances.  But  all  in  general 
adopt  cream  of  tartar,  or  the  acidulous  tartrite 
of  pot-afh,  as  a folvent. 

The  procelTes  vary  not  only  in  the  choice  of 

the 
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the  fubftances  to  be  made  ufe  of,  but  even  in 
the  proportions  in  which  they  are  to  be  em- 
ployed. We  likewife  find  varieties  in  the 
quantity  of  water  ufed  as  a vehicle,  which  is 
not  an  indifferent  circumftance;  in  the  time, 
prefcribed  to  digeft  the  fubftances  together,  a 
circumftance  of  the  greateft  confequence  to  be 
afcertained,  becaufe  the  fatu ration  of  the  acid 
depends  abfolutely  and  effentially  upon  it.  The 
choice  of  veftels  muff  likewife  influence  the 
effect  of  this  remedy.  Hoffman  has  affirmed 
that  the  emetic  loft  its  effect  by  a long  ebulli- 
tion ; and  Mr.  Baume  has  proved  that  iron  pre- 
cipitates the  antimony  after  a time,  and  confe- 
quently  that  the  iron  veffels  prefcribed  in  cer- 
tain difpenfatories  ought  to  be  rejected. 

This  variety  in  the  proceffes  muff  neceffarily 
influence  the  refult;  and  we  cannot  be  much 
furprifed  that  Geoffroy,  who  analyfed  feveral 
antimoniated  tartrites  of  pot-afh,  fhould  have 
found  from  thirty  grains  to  two  gros  and  ten 
grains  of  metal  in  the  ounce  of  this  fait. 

Is  it  not  therefore  of  great  confequence  to 
prefcribe  a uniform  procefs,  whole  product 
fhould  be  invariable  ? Tftefe  heroic  remedies, 
which  operate  in  fmall  dcfes,  ought  to  produce 
conftant  and  invariable  effecfts  through  all  Eu- 
rope. It  would  be  much  more  advantageous 

that 
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that  folemn  proceedings  fnould  be  made  for  the 
preparation  of  thefe  active  remedies,  than  for 
the  compofition  of  the  theriaca,  a true  pharma- 
ceutic monfter,  the  dofe  of  which  may  with 
impunity  be  varied  from  a few  grains  up  to 
three  hundred.  It  follows,  from  the  variety  of 
the  effects  of  thefe  fovereigrl  remedies,  that 
cbnfultations  become  almoft  ineffectual ; be- 
caufe  the  phyiician  preferibes  according  to 
the  effects  of  rhe  medicine  he  is  in  the  habit  of 
ufing*  and  the  art  of  medicine  becomes  no 
better  than  a difeouraging  alternative  of  fuc- 
Cefs  and  difappointment. 

At  Montpellier,  the  emetic  adts  in  a dofe  of 
one  or  two  grains;  But  in  other  places  it  does 
not  operate  in  a lefs  dofe  than  ten  or  twelve; 
and  the  ffibiated  tartar  fold  by  thofe  wholefale 
dealers  in  medicine  who  fupply  the  country 
apothecaries,  is  ufually  nothing  but  the  ful- 
phate  of  pot-afn,  or  vitriolated  tartar  moiihened 
with1  a folution  of  emetic.  It  is  a thing  greatly 
to  be  delired,  that  government,  which  does  not 
apply  its  flamp  of  approbation  to  obje&s  of 
luxury  until  they  have  paffed  a rigid  inflection, 
ffiould  prohibit  traders  from  circulating  with 
impunity  products  upon  which  the  health  of 
the  citizen  fo  effentially  depends.  Thefe  are  the 
frauds  and  deceptions  which  have  engaged  me 
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to  form  an  eftabiifhmenr  of  chemical  products, 
in  which  intelligence  and  probity  prelick  over 
all  its  operations;  and  I have  fucceeded  in. my 
laboratories  fo  far  as  to  conduit  th,e_px9CClfes 
with  fufficient  oeconpmy  to  afford  products  faith- 
fully made  up,  and  invariable  in  their  effects,  at 
the  fame  price  as  thofe  fophifticated  drugs  with 
which  the  public  has  hitherto  been  poifpned. 

The  mod:  accurate,  procefs  for  making  an  ex- 
cellent emetic  confifts  in  taking  very  tranfpa- 
rent  glafs  of  antimony,  grinding  it  fine,  and 
boiling  it  in  water,  with  an  equal  weight  of 
cream  of  tartar,  until  this  fait  is  faturated.  By 
filtration,  and  evaporation  with  a gentle  heat, 
and  fubfequent  repofe,  cryftals  of  the  antimo- 
niated  tartrite  of  pot-afh  are  obtained,  whofe 
degree  of  emeticity  appears  to  be  fufficiently 
conflant.  The  cryftals  may  be  obtained  in  feve- 
ral  fucceffive  products  by  repeated  evaporations. 

Macquer  propofed  the  powder  of  algaroth, 
as  more  uniform  in  its  power.  Meffrs.  De  Laf- 
fone  and  Durande  have  adopted  the  opinion  of 
Macquer;  and  the  celebrated  Bergmann  has 
followed  the  ideas  of  the  French  chemifts, 
with  a few  flight  modifications. 

Take  five  ounces  of  cream  of  tartar  reduced 
into  powder,  and  two  ounces  two  gros  of  the 
powder  of  algaroth  precipitated  by  hot  water, 

wafhed 


26 4 Anlmbiiial  Preparations . 

wafhed  and  dried.  Add  water  to  thefe,  and  boil 
them  gently.  By  filtration  and  evaporation  the 
Cryftals  of  emetic  tartar  are  obtained ; which 
iriay  be  given  in  the  dofeof  three  grains,  with- 
out fatiguingthe  ftomach  or  inteftines. 

The  antimoniated  tartrite  of  pot-afh  cryffal- 
lizes  in  trihedral  pyramids.  It  is  very  tranfpa- 
rent,  is  deebmpofed  on  the  fire  with  crackling, 
and  leaves  a coaly  refidue.  Sixty  parts  of  wa- 
ter diffolve  it.  It  effiorefees  in  the  air,  and  be- 
comes farinaceous.  The  folutions  of  this  fait 
throw  down  a mucilage,  which  fixes,  and  forms 
a pellicle  of  confiderable  thicknefs:  it  is  the 
mucilage  of  cream  of  tartar,  which  is  infoluble 
in  water,  and  partly  foluble  in  alcohol.  The 
fulphuric  acid  blackens  it,  but  does  not  itfelf 
become  coloured  till  after  long  time.  The  ni- 
tric acid  diffolves  it  partly,  and  is  itfelf  decom- 
posed, with  the  emihion  of  much  nitrous  gas. 

The  alkalis  and  lime  deccmpofe  theantimo- 
niated  tartrite  of  pot-afh.  Amtirnony,  properly 
mixed  with  the  nitrate,  decompofes  that  fait 
completely.  Equal  parts  of  the  femi-  metal  and 
nitre  being  thrown  into  an  ignited  crucible,  the 
fait  detonates,  its  acid  is  decomposed, and  at  the 
end  of  the  operation  the  crucible  is  found  to 
contain  the  alkali  which  ferved  as  the  bafe  of  the 
nitrate,  and  the  antimony  reduced  to  the  fiate 
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of  white  oxide:  this  is  called  Diaphoretic  An- 
timony. The  fame  preparation  may  be  made 
by  uiing  the  fulphure  of  antimony;  in  which 
cafe  three  parts  of  the  nitrate  are  ufed  to  one 
of  the  crude  antimony.  The  refidue  in  the  cru- 
cible, after  the  detonation,  is  compofed  of  the 
oxide  of  antimony,  fixed  alkali,  a portion  of 
the  nitrate  not  decompofed,  and  a fmall  quan- 
tity of  fulphate  of  pot-alh.  This  compound  is 
ftill  known  by  the  name  of  the  Solvent  of  Ro- 
trou.  Water  deprives  it  of  aii  the  fairs  it  con- 
tains; and  leaves  only  the  oxide  of  antimony, 
which  is  called  Wafhed  Diaphoretic  Antimony. 
If  a fmall  quantity  of  acid  be  poured  on  the 
fluid  which  holds  the  fairs  in  folution,  a fmall 
portion  of  the  oxide  of  antimony  falls  down, 
which  was  difiolved  by  the  alkali  of  the  nitre. 
The  precipitate  forms  the  cerufe  of  antimony, 
or  the  pearly  matter  of  Kerkringius. 

Equal  parts  of  the  fulphure  of  antimony  and 
of  nitrate,  detonated  in  an  ignited  crucible, 
form  the  liver  of  antimony,  or  fulphurated 
oxide  of  antimony;  which,  when  pulverized 
and  w;afhed,  produces  the  fafiron  of  metals,  or 
crocus  metaliorum. 

The  oxides  of  antimony  have  been  confi- 
dered  as  very  difficult  of  reduction  ; and  it  was 
nor  without  furprife  that  I at  firfi:  obferved  the 

facility 
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facility  with  which  they  are  all  reducible  by 
the  black  flu^.  This  prejudice  was  eftablifhed 
and  propagated  for  want  of  proper  experiments. 

The  alkalis  do  not  ienfibly  adt  upon  anti- 
mony : but  the  fulphures  of  alkali  diffolvc 
it  completely;  and  it  is  upon  this  principle  that 
an  operation  is  founded  by  which  we  obtain 
a valuable  remedy,  known  by  the  name  of 
Kermes  Mineral,  to  diftinguifh  it  from  the  ve- 
getable kermes  ufed  in  dyeing.  The  prepara- 
tion is  limply  a red  fulphurated  oxide  of  anti- 
mony. This  remedy,  firfl:  pointed  out  by  Glau- 
ber, who  made  it  with  antimony  and  the  folu- 
tion  of  nitre  fixed  by  charcoal,  is  indebted  for 
its  celebrity  to  the  wonderful  cures  it  per- 
formed in  the  hands  of  Simon,  a Chartreux 
friar ; whence  it  obtained  the  name  of  the  Pow- 
der of  the  Chartreux.  This  religious  man  ob- 
tained the  compolition  frGm  a furgeon  named 
Laligerie,  to  whom  it  had  been  given  by  Mr. 
Chafrenay,  lieutenant  at  Landau.  Mr.  Dodart, 
firlt  phyfician  to  the  king,  bought  the  fecret  in 
the  year  1720,  and  Mr.  Laligerie  rendered  it 
public.  According  to  his  procefs,  the  pounded 
fulphure  of  antimony  is  boiled  for  two  hours, 
with  one-fourth  of  its  weight  of  the  folution  of 
fixed  nitre  or  pot-alb,  in  twice  its  weight  of  very 
pure  water.  After  ebullition  the  fluid  is  filtered ; 

the 
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the  kermes  falls  down  as  it  cools,  and  is  after- 
tervvards  dried.  Laligerie  directs  that  more  of 
the  folution  of  fixed  nitre  be  digefted  on  the 
metal,  till  it  is  completely  dilfolved.  Laligerie* 
burned  fpirit  of  wine  or  brandy  upon  it.  The 
liquor  which  remains  after  the  kermes  is  fallen 
down,  contains  more  kermes,  which  may  be  dif- 
engaged  by  means  ofan  acid.  This  kermes, which 
is  paler  than  the  former,  is  known  by  the  name 
of  Golden  Sulphur  of  Antimony,  or  the  orange- 
coloured  fulphuratea  oxide  of  antimony. 

This  procefs  is  no  longer  ufed.  That  which 
fucceeded  the  befl  with  me,  confifts  in  boiling 
ten  or  twelve  pounds  of  pure  alkaline  folution 
with  two  pounds  of  the  fulphure  of  antimony. 
The  ebullition  is  continued  for  half  an  hour, 
after  which  the  fluid  is  filtered;  and  much 
kertnes  is  obtained  by  mere  cooling.  I digeft 
new  alkali  on  the  antimony,  until  it  is  con- 
fumed.  The  kermes  which  I obtain  by  this 
means  is  of  a beautiful  tufted  appearance. 

Geoff roy,  who  analyfed  the  kermes  in  1734 
and  1735,  found  that  one  gros  of  kermes  con- 
tained from  fixteen  to  feventeen  grains  of  anti- 
mony, from  thirteen  to  fourteen  grains  of  al- 
kali, and  from  forty  to  forty-one  of  iulphur. 
But  MdTrs.  Bauine,  Deyeux,  de  la  Rochefou- 
cauld, and  De  Fourcroy,  are  not  convinced 

that 
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that  the  wafhecl  kerrnes  contains  an  atom  of  al- 
kali which  is  not  neceiTary  to  its  virtues. 

Kermes  is  likewile  one  of  thofe  remedies  in 
.the  preparation  of  which  the  greateft  care  ought 
tobe  taken.  It  is  neverthelefs  a fubftance  which 
all  the  apothecaries  in  the  country  buy  at  the 
fairof  Beaucaire ; and  theanalyfis  which  I have 
feveral  times  made  of  this  kermes,  has  con-, 
vinced  me  that  it  very  often  is  nothing  elfe 
but  pounded  brick,  mixed  with  vegetable 
kermes,  and  fprinkled  w’ith  a ftrong  folution 

of  emetic  tartar.  I have  found  fome  which 

' • • ■ - ... 

was  merely  a mixture  of  the  fine  brown  red  and 
the  calx  of  antimony. 

Lime  and  lime-water,  digefted  upon  pul- 
verized antimony,  afford,  even  in  the  cold,  at 
the  end  of  a certain  time,  a kind  of  kermes, 
or  golden  fulphur,  of  a beautiful  red  colour. 

Antimony  enters  into  the  compofition  of 
printers  types.  It  is  likewife  mixed  with  tin, 
to  increafe  its  hardnefs.  It  was  formerly  ufcd 
as  a purgative:  for  this  purpofe  it  was  made 
into  cups,  in  which  water  or  wine  was  fuffered 
to  (land  for  a night,  and  taken  by  the  patient 
the  following  day. 

The  fulphure  of  antimony  is  ufed  as  a fudo-f 
rific  in  fkin  diforders.  For  this  purpofe  it  is 
tied  in  a cloth,  and  digefted  in  the  ptifans  ap- 
propriated 
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propriated  to  thefe  diforders.  It  is  adminif- 
tered  in  pills  for  the  fame  purpofe. 

The  folvent  of  Rotrou  has  been  much  ufed 
todiflipate  lymphatic  concretions,  and  pituit- 
ous  fvvellings. 

Wafhed  diaphoretic  antimony  is  ufed  in 
confiderable  dofes  to  excite  perfpiration.  Some 
phyficians  have  confidered  it  as  a medicine 
void  of  effedt ; and  Boerhaave  has  maintained 
that  its  effedl  is  not  more  confiderable  than 
that  of  Lemnian  earth. 

The  kermes  mineral  is  one  of  the  moft  va- 
luable medicines  that  the  healing  art  js  ac- 
quainted with.  It  is  incifive;  and  may  be  ad- 
miniftered  in  all  pituitous  cafes,  when  the  fto- 
mach  fails,  and  the  lungs  are  obftruCted.  In  a 
more  confiderable  dofe  it  is  fudoi  ific,  and  a Rill 
larger  portion  is  emetic.  It  is  employed  in 
the  dofe  of  from  half  a grain  to  three. 

The  tartar  emetic  has  received  its  name  from 
its  ufes.  It  is  diffolved  in  water1;  and  this 
folution  produces  its  effect. 

The  liver  of  antimony,  crude  antimony,  and 
the  crocus  metallorum,  are  more  efpecially 
ufed  as  purgatives  in  the  veterinarian  practice. 
They,  are  given  to  horfes  in  the  dofe  of  about 
an  ounce. 

CHAP. 
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CHAP.  VI. 

r ’ 1 4 • 

Concerning  Zinc . 

ZINC  is  a metallic  fubftance  of  a biueifh 
brilliant  white  colour,  very  difficultly 
reducible  into  powder,  but  capable  of  being 
extended  into  very  thin  plates,  by  the  equal 
and  gradual  preilure  of  the  flatting  mill.  From 
this  lad  property,  which  has  been  proved  by 
Mr.  Sage,  we  may  confider  zinc  as  the  inter- 
mediate fubftance  between  femi-metals  and 
metals. 

Zinc  is  found  naturally  in  various  (fates, 
i.  Cronftedt  affirms  that  he  faw  a radiated 
cryifallization  of  a metallic  appearance,  which 
is  found  at  Schneeburg,  where  it  is  called 
flowers  of  bifmuth,  but  which  he  found  to  be 
the  regulus  of  zinc.  This  celebrated  minera- 
logift  does  not  venture  to  pronounce  that  it  is 
native  zinc. 

Mr.  Bomare  affirms  that  he  found  it  in  fmail 
pieces  in  the  mines  of  lapis  calaminaris  in  the 
duchy  of  Limbourg,  and  in  the  zinc  mines  of 
Collar.  This  regulus  may  have  arifen  from 

the 
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the  fcoriae  of  furnaces,  or  from  the  ancient 
works;  fo  that  the  exigence  of  native  zinc  is 
Hill  confidered  as  very  doubtful  by  thefe  mi- 
neralogies. 

2.  Zinc  is  ufually  mineralized  by  fulphur, 
forming  an  ore  known  by  the  name  of  Blende, 
which  in  German  fignifies  blinding  or  deceitful  j 
k a name  which  may  have  been  given  to  it  be- 
caufe  fuch  diftridts  as  abound  with  this  mine- 
ral are  barren  of  other  ores. 

The  determinate  cryftallization  of  blende 
appears  to  be  the  alumini-form  octahedron, 
and  fometimes  the  tetrahedron  ; but  the  modi- 
fications of  thefe  primitive  forms  are  fo  nume- 
rous, that  the  cryftals  are  found  in  an  aftonifh- 
ing  variety  of  figures.  Mod*  commonly  they 
are  polyhedral  cryftals  of  an  indeterminate 
form,  or  fcarcely  capable  of  being  deferibed. 
On  this  circumftance  depend  the  denomina- 
tions of  Blende  with  Large  or  Small  Plates, 
Striated  Blende,  Compadt  Blende,  and  other 
fpecies,  which  may  be  feen  in  the  works  of 
MefTrs.  Sage,  De  Lille,  &c. 

The  colour  of  thefe  blendes  is  infinitely  va- 
rious; they  are  found  yellow,  red,  black,  femi- 
tranfparent,  &c. 

All  the  blendes  emit  an  hepatic  fmell  when 
grated  or  triturated. 
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There  is  a kind  of  blende  which  exhibits  a 
line  of  phofphoric  flame  when  fcratched  with  a 
knife,  or  even  with  a tooth-pick.  Mr.DeBour- 
non  found  this  yellovvifh,  tranfparent,  and  phof- 
phoric blende,  fimiiar  to  that  of  Scharffenburg, 
at  Maronne  in  the  mountains  of  Oifan,  at  the 
di  fiance  of  nine  leagues  from  Grenoble.  The 
phofphoric  blende  contains  fcarcely  any  iron. 

To  make  theaffavofa  blende,  Mr.  Monnet 
advifes  folution  of  the  ore  in  aqua  fortis.  The 
acid  unites  with  the  metal,  and  feparates  the 
fulphur  : after  which  the  oxide  of  zinc  may  be 
obtained  by  dffliliingoff  the  acid  ; and  this  may 
be  reduced.  Bergmann  obtains  one  part  of  the 
fulphur  of  thcfe  ores  by  dilrillation,  diffolvesthe 
refidue  in  acids,  and  precipitates  the  metal  from 
its  folutions.  Mr.  Sage  diflils  blende  with  three 
parts  of  fulphuric  acid:  the  fulphur  fublimes  by 
this  operation ; and  the  reficiue  in  the  retort  is 
the  fulphate  of  zinc,  mixed  with  a fmall  quan- 
tity of  fulphate  of  iron,  and  other  fubflances 
mixed  with  the  zinc.  I do  not  know  any  coun- 
try where  blende  is  wrought  to  obtain  the  zinc ; 
but  it  is  fometimes  mixed  with  lead  $ and  in  the 
working  of  this  lafl  metal  the  former  is  occa- 
fionally  obtained.  Such  is  the  ore  worked  at 
Rammelfburg  near  Goilar,  in  the  lower  Hartz. 
Great  part  of  the  zinc  is  diffipated  during  the 

fufion 
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fufion  of  the  lead  ore;  but  a portion  of  this  me- 
tal is  obtained  by  a very  ingenious  procefs. 
Care  is  taken  to  keep  the  anterior  part  of  the 
furnace  cool ; againft  which  a ftone  is  placed 
w7ith  a flight  degree  of  inclination.  The  va- 
pours of  the  zinc  which  are  carried  againft  this 
Hone,  are  condenfed,  and  fall  in  drops  into 
powder  of  charcoal,  with  which  a ftone  placed 
at  the  bottom  is  covered.  The  femi-metal  is 
defended  from  oxidation  by  means  of  the 
charcoal ; and  it  is  afterwards  fufed,  and  caft 
into  convenient  forms. 

This  zinc  is  always  united  with  a fmall  quan- 
tity of  lead,  and  is  lefs  pure  than  that  w7hich  comes 
to  us  from  India,  under  the  name  of  Tutenag. 

I ftrongly  calcined  the  blende  of  St.  Sauveur, 
and  mixed  the  powder  with  charcoal.  I then 
put  the  whole  into  a retort  w7hofe  orifice  was 
plunged  beneath  water;  and  by  a violent  hear, 
kept  up  for  two  hours,  I obtained  much  zinc, 
which  fell  to  the  bottom  of  the  water. 

3.  The  decompofition  of  blende  gives  rife  to 
the  formation  of  thefulphate  of  zinc.  The  ope- 
ration of  nature  is  flow,  but  art  has  fupplied  its 
defeat.  All  the  fulphate  of  zinc  which  is  met 
with  in  commerce,  is  prepared  at  Rammelfburg. 
For  this  purpofe,  after  having  roafted  the  galena 
mixed  with  the  blende,  it  is  thrown  ignited  into 
Vol.  II.  T cifterns 
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cifterns  full  of  water,  where  it  is  left  for  twenty- 
four  hours.  The  roaded  mineral  is  three  times 
extinguished  in  the  fame  water  ; after  which  the 
lixivium  is  evaporated,  and  put  into  coolers. 
At  the  end  of  fifteen  days  the  water  is  decanted, 
in  order  to  Separate  the  crydals  of  the  Sulphate 
of  zinc.  Thefe  cryflals  are  afterwards  fufed  in 
iron  veffels,  and  the  liquor  is  poured  into  cool- 
ers, where  it  is  dirred  till  it  congeals.  We  fhall 
examine  the  properties  of  this  fait  in  due  courfe. 

4.  Zinc  is  Iikewife  found  in  the  Hate  of  oxide ; 
and  it  appears  to  me  that  nature  makes  ufe  of 
two  means  of  converting  the  metal  to  this  date. 
1.  The  Sulphur  is  Sometimes  diflipated  without 
the  production  of  Sulphate;  in  which  cafe  it  is 
replaced  by  the  oxigenous  gas,  and  the  refult  is 
that  oxide  of  zinc  which  is  known  by  the  name 
of  Lapis  Calaminaris.  I have  found  drata  of 
lapis  calaminaris  at  St.  Sauveur,  intermixed 
with  layers  of  blende;  and  the  tranfition  of  the 
blende  to  the  date  of  lapis  calaminaris  may  be 
followed  in  the  mod  interedi ng  manner.  2. The 
Sulphate  of  zinc  produced  by  thedecompodtion 
of  blende  in  certain  circumdances,  is  itfelf  de- 
composed by  calcareous  dones.  In  the  rich  col- 
lections of  Melfrs.  Sage,  de  Tide,  &c.  we  fee 
crydals  of  calcareous  Spar  converted  into  cala- 
mine at  one  end,  and  calcareous  at  the  other. 

Calamine 
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Calamine  cryftallizes  in  rhomhoidal  tetrahe- 
dral prifms,  or  in  hexahedral  pyramids. 

It  is  fometimes  covered  with  protuberances ; 
often  has  the  appearance  of  being  worm-eaten ; 
and  is,  at  other  times,  either  fpongy  or  corn- 
pad:. 

Its  colour  varies  greatly.  The  county  of  So- 
merfet  affords  it  of  white,  green,  and  other  co- 
lours. 

To  make  a good  analyfis  of  calamine,  Berg- 
mann  advifes  folution  in  the  fulphuric  acid; 
he  obtains  the  fulphates  of  iron  and  of  zinc. 
That  of  iron  is  decompofed  by  a known  weight 
of  zinc ; and  the  metal  is  afterwards  preci- 
pitated by  the  corbonate  of  foda.  He  has  afcer- 
tained  that  ninety-three  grains  of  this  preci- 
pitate are  equivalent  to  one  hundred  grains  of 
zinc  ; and  from  this  weight  he  dedudts  that  of 
the  zinc  made  ufe  of  to  precipitate  the  iron. 

Zinc  may  be  obtained  from  calamine  bydif- 
tiliation.  For  this  purpofe  I have  ufed  the 
fame  procefs  as  has  already  been  mentioned  in 
treating  of  blende. 

Zinc  yields  beneath  the  hammer,  without 
extending  itfelf.  If  it  be  caft  into  fmall  plates, 
it  may  then  be  laminated,  and  reduced  into 
very  thin  and  very  flexible  leaves. 

T 2 
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The  fpccific  gravity  of  fufed  zinc  is  7,190$. 
See  Briflon. 

Zinc,  when  heated,  maybe  eafily  pulverized. 
This  operation  is  very  difficult  without  this  pre- 
caution indicated  by  Macquer;  for  it  wears, 
and  chokes  up  hies,  and  deftroys  them  in  a 
ffiort  time;  belides  which,  they  have  no  conli- 
dcrable  aclion  upon  it.  It  may  likewife  be 
fufed  and  poured  into  water. — Thefe  are  the 
molt  convenient  means  of  pulverizing  it. 

Zinc,  treated  in  clofe  velfels,  fublimes  with- 
out decompofition ; but,  when  it  is  calcined  in 
the  open  air,  it  becomes  covered  with  a grey 
powder,  which  is  a true  oxide;  and,  if  it  be 
heated  to  rednefs,  it  takes  fire,  emits  a blue 
flame  ; and  white  flocks  iflue  from  it,  which  are 
called  Philofophical  Wool,  Pompholix,  or  Nihil 
Album.  This  oxide  may  be  fufed  into  glafs  by 
an  exceedingly  violent  heat : the  glafs  is  of  a 
beautiful  yellow  colour.  Zinc  laminated  into 
very  thin  leaves  takes  fire  by  the  flame  of  a 
taper,  and  burns  with  a blue  colour  mixed  with 
green. 

Mr.  De  LafFone,  who  has  written  feveral  ex- 
cellent Memoirs  on  zinc,  conflders  it  as  a kind 
of  metallic  phofphorus. 

Water  appears  to  have  fome  aftion  upon 

zinc. 
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line.  When  this  femi-metal  begins  to  be  ig- 
nited, if  water  be  poured  on  it,  the  fluid  is  de- 
compofed,  and  much  hydrogenous  gas  is  dif- 
engaged.  Meflrs.  Lavoifler  and  Meuifner 
have  afeertained  this  fadt,  in  their  fine  experi- 
ments on  the  decompofition  of  water. 

Sulphuric  acid  diiTolves  it  in  the  cold,  and 
produces  much  hydrogenous  gas.  A fait  may 
be  obtained  by  evaporation,  in  tetrahedral  prif- 
matic  cryflals,  terminated  by  a four-fided  py- 
ramid; Mr.  Bucquet  has  obferved  that  thefe 
prifms  are  rhomboidal.  This  fait  is  known  by 
the  name  of  Vitriol  of  Zinc,  White  Vitriol,  Sul- 
phate of  Zinc;  its  tafie  is  conflderably  ftyptic. 
It  is  not  much  altered  by  expofure  to  air  when 
pure;  but  fullers  its  acid  to  efcape  at  a degree  of 
heat  lefsthan  is  required  by  the  fulphate  of  iron. 

The  nitric  acid  attacks  zinc  with  vehemence, 
even  when  diluted  with  water.  In  this  opera- 
tion a great  part  of  the  acid  is  decompofed ; but 
if  the  refidue  be  concentrated  by  flow  eva- 
poration cryflals  are  obtained  in  compreflcd 
and  ftriated  tetrahedral  prifms,  terminated  by 
pyramids  with  four  fides.  Mr.  De  Fourcroy, 
to  whom  we  are  indebted  for  this  obfervation, 
adds,  that  the  fait  melts  upon  heated  coals,  and 
fpreads  abroad  with  decrepitation,  and  a fmall 
reddifh  flame.  If  it  be  expofed  to  heat  in  a 
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crucible,  it  emits  red  vapours,  affumes  the 
confidence  of  a jelly,  and  preferves  this  foft- 
nefs  fora  certain  time.  The  nitrate  of  zinc  is 
very  deliquefeent. 

The  muriatic  acid  attacks  zinc  with  effer- 
vefcence.  Hydrogenous  gas  is  produced,  and 
black  flocks  are  precipitated,  which  fome  che- 
mifts  have  taken  for  fulphur,  others  for  iron, 
and  which  Mr.  De  LafTone  confiders  as  an  ir- 
reducible oxide  of  zinc.  This  evaporated  folu- 
tion  becomes  thick,  and  refufes  to  cryflallize. 
It  differs  a very  concentrated  acid  to  efcape 
when  heated,  and  the  muriate  itfelf  fublimes 
by  diflillation. 

The  pure  alkalis  boiled  on  zinc  obtain  a yel- 
low colour,  and  diffolve  a part  of  the  metal,  as 
Mr.  de  Laffone  has  proved.  Ammoniac  di- 
gefted  in  the  cold  upon  this  femi-metal  difen- 
gages  hydrogenous  gas:  this  evidently  arHes 
from  the  decomoofition  of  the  water,  which 
alone,  and  without  any  mixture,  is  decompofed 
upon  ignited  zinc,  as  we  have  already  obferved. 

Zinc  mixed  with  the  nitrate  of  pot-afh,  and 
thrown  into  an  ignited  crucible,  caufes  this  fait 
to  detonate  ftrongly. 

Zinc  decompofes  the  muriate  of  ammoniac 
by  Ample  trituration,  according  to  Mr.  Mon- 
ner. 
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Pott  has  obferved  that  a folution  of  alum, 
boiled  upon  the  filings  of  zinc,  is  decompofed, 
and  affords  the  fulphate  of  zinc. 

Zinc  fufed  with  antimony,  forms  a hard  and 
brittle  alfoy. 

It  unites  with  tin  and  copper,  and  forms 
bronze;  when  combined  with  copper  alone,  it 
forms  brafs. 

It  is  mixed  with  gunpowder,  to  produce  the 
white  and  brilliant  ftars  of  artificial  fire-works. 

It  has  been  propofed  to  fubftitute  this  metal 
in  the  room  of  tin,  for  the  internal  lining  of 
copper  velTels  ; and  it  is  afcertained,  from  the 
labour  of  Mr.  Malouin,  that  this  covering 
would  be  more  uniformly  extended  upon  the 
copper,  and  would  be  harder  than  tin.  It  has 
been  remarked  that  vegetable  acids  might  aif- 
folve  it,  and  that  thefe  falts  are  dangerous;  but 
Mr.  De  la  Planche  has  made  all  the  experi- 
ments on  this  fubjedt  which  his  extenfive  know- 
ledge, and  zeal  for  the  public  good,  could  in- 
fpire ; and  he  is  convinced  that  the  falts  of  zinc, 
taken  in  a more  confiderable  dofe  than  the  ali- 
ments prepared  in  veffels  tinned  with  this  femi- 
metal  might  contain,  are  not  dangerous. 

The  fublimed  oxide  of  zinc  is  much  em- 
ployed by  the  German  phyficians,  under  the 
name  of  Flowers  of  Zinc.  This  remedy  is 
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given  as  an  antifpafmodic.  It  may  be  admi- 
niftered  in  pills,  in  the  dofe  of  one  grain. 
Tutty,  or  pompholix,  is  mixed  with  frefli  but- 
ter, as  an  excellent  remedy  in  diforders  of  the 
eyes. 

Mr.  De  Morveau  has  fubftituted  the  preci- 
pitate of  zinc  to  white  lead,  with  the  greateft 
advantage.  It  perfectly  anfwers  the  intention 
of  the  artift,  and  is  not  attended  with  any  dan- 
gerous confequences  in  its  ufe. 


CHAP.  VII. 

Concerning  Manganefe . 


\ MINERAL  of  a grey  or  blackifh  co~ 
JLjL.  lour,  foiling  the  fingers,  and  ufed  in  glafs- 
houfes  under  the  name  of  Soap  of  the  Glafs- 
makers,  has  been  long  known  in  commerce. 
Mod  naturalifts,  fuch  as  Henckel,  Cramer,  Gel- 
lert,  Cartheufer,  and  Wallerius,  have  placed  it 
among  the  iron  ores.  Pott  and  Cronfledt  did 
not  confider  it  as  a ferruginous  fubftance.  The 
latter  found  it  to  contain  tin;  and  Mr.  Sage 

was 
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was  long  of  opinion  that  it  was  an  intimate 
alloy  of  zinc  and  cobalt. 

The  celebrated  Bergmann,  in  the  year  1764, 
declared  in  print,  that  black  manganefe  ought 
to  contain  a peculiar  metal  ; but  he  atcempted 
in  vain  to  extradf  it.  However,  Mr.  Gahn,  a 
phyfician  at  Stockholm,  fucceeded  in  obtain- 
ing a metal  by  the  afliftance  of  an  exceedingly 
ftrong  fire.  We  fhall  explain  his  procefs  after 
having  fpoken  of  the  different  forms  under 
which  manganefe  is  found  in  the  earth. 

Manganefe  appears  to  be  always  found  in 
the  (late  of  oxide ; but  this  oxide  exhibits  fe- 
veral  varieties. 

1.  It  is  fometimes  grey,  brilliant,  and  cryf- 
tallized,  formed  of  very  (lender  prifms  confuf- 
edly  intertwined,  and  refembling  the  ore  of 
antimony  ; from  which  however  it  may  be 
eafily  diflinguifhed  by  expofing  it  upon  char- 
coal. For  antimony  fufes,  and  affords  vapours  : 
but  the  manganefe  remains  unchanged. 

The  cryftals  of  manganefe  are  ffriated,  te- 
trahedral, rhomboidal  prifms,  terminating  in 
four-fided  pyramids.  They  frequently  diverge 
from  a centre. 

2.  Manganefe  is  very  often  black  ancj 
friable.  This  fpecies  is  found  in  the  cavi- 
ties 
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ties  of  the  brown  haematites  of  the  Pyrenean 
Mountains. 

I have  difcovered  an  ore  at  St.  Jean  de  Gar- 
donenque,  in  the  Cevennes.  It  is  prodigioufiy 
light,  is  found  in  flrata,  and  in  pieces  which 
almoft  always  have  the  figure  of  an  hexahedral 
prifm,  eighteen  lines  in  length,  and  thirteen 
or  fourteen  in  thicknefs. 

This  ore,  upon  which  I have  made  experi- 
ments that  I fhall  prefently  recite,  is  the  purefl 
and  fineft  I am  acquainted  with. 

3.  Manganefe  is  fometimes  of  a readiih 
white  colour,  and  compofed  of  groups  of  pro- 
tuberances. Its  fracture  is  iamellated.  That 

♦ 

of  Piedmont  frequently  has  a grey,  reddifh 
tinge,  and  appears  to  be  compofed  of  fmali 
plates.  It  gives  fire  with  the  Heel. 

The  manganefe  of  Macon  in  Burgundy  is 
of  a deeper  grey  than  that  of  Piedmont. 

That  of  Perigueux  is  intermixed  with  yellow 
martial  ochre.  It  is  found  in  feparate  bodies, 

and  not  in  veins  like  that  of  Piedmont. 

• - 

4.  Mofi:  of  the  white  fpathofe  iron  ores 
contain  manganefe,  and  may  be  considered  as 
ores  of  this  femi-metal.  Manganefe  is  likewife 

.mixed  with  calcareous  fpar,  gypfum,  jafper, 
haematites,  8cc.  Mr.De  la  Peyroufe  has  de- 

cribed 
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fcribed  thirteen  varieties  of  cryftallized  man- 
ganefe  found  in  the  Pyrenean  Mountains. — See 
the  Journal  de  Phyfique,  Jan.  1780,  p.  67. 

5.  Scheele  has  proved  that  the  allies  of  vege- 
tables contain  manganefe ; and  it  is  to  this 
mineral  that  the  colour  of  calcined  pot-afh  is 
owing.  To  extract  it,  three  parts  of  fixed  al- 
kali, one  of  lifted  alhes,  and  one-eighth  of  ni- 
trate, mull  be  fufed  together.  The  fluid  mix- 
ture muft  then  be  poured  into  an  iron  mortar, 
where  it  congeals  into  a greenifh  mafs.  This 
being  pounded,  and  boiled  in  pure  water,  mull 
be  filtrated,  and  faturated  with  fulphuric  acid. 
At  the  end  of  a certain  time,  a brown  powder 
is  depofited,  which  polfelfes  the  properties  of 
manganefe. 

To  reduce  manganefe  to  the  metallic  Hate,  a 
crucible  is  lined  with  charcoal ; and  into  a hole 
made  in  this  charcoal,  a ball  of  manganefe, 
previoufly  kneaded  with  oil  and  gum  ammo- 
niac, is  to  be  put;  after  which  the  hole  is  to  be 
covered  with  powder  of  charcoal.  Another 
crucible  mull  then  be  fitted  on,  and  the  velfels 
expofed  to  a violent  fire  for  an  hour  and  a half. 
By  following  this  procefs,  I have  feveral  times 
obtained  the  metal  from  the  oxide  of  manga- 
nefe of  Cevennes.  I have  even  fucceeded  in 

reducing 
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reducing  it,  by  Amply  putting  the  powder  of 
manganefe  into  a lined  crucible. 

The  button  which  is  obtained  almoft  always 
has  afperities  on  its  furface.  Globules  appear 
which  fcarcely  adhere  to  the  mafs  ; and  thefe 
portions  are  ufually  of  a conflderably  deep 
green,  while  the  internal  part  has  a blueifh  caft. 

This  metal  is  more  infufible  than  iron.  I 
have  feveral  times  obferved,  when  the  fire  has 
not  been  fufficiendy  ftrong  to  fufethe  manga- 
nefe, that  feveral  globules  of  iron  have  appear- 
ed difperfed  through  the  agglutinated  oxide. 

Saline  fluxes  ought  to  be  rejected,  asinfufli- 
cient  for  this  reduction.  The  great  difpofltion 
which  this  femi-metal  has  to  become  vitrified, 
caufes  it  to  be  difperfed  in  the  flux,  where  it 
remains  fufpended.  I have  feveral  times,  by 
ufing  the  vitreous  flux  of  Mr.  De  Morveau, 
obtained  metallic  grains  forming  a button,  or 
elfe  difperfed  in  the  flux  ; which,  when  more 
narrowly  examined,  proved  to  be  nothing  but 
iron,  cobalt,  or  other  metals,  according  to 
the  nature  of  the  ore  of  manganefe.  I have 
fometimes  obtained  even  globules  of  lead  ; be- 
caufe  the  coarfeft  glafs  in  w'hich  the  prefence 
of  that  metal  is  the  leaft  fufpe&ed,  and  which 
enters  into  the  compofition  of  the  flux  of  Mr. 
De  Morveau,  contains  it  very  often. 
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The  fpecific  gravity  of  manganefe  has  been 
eftimated  by  Bergmann,  in  proportion  to  that 
of  water,  nearly  as  6850  to  1000. 

The  oxide  of  manganefe,  when  flrongly 
heated  in  clofe  veffels,  affords  a prodigious 
quantity  of  oxigenous  gas,  and  begins  to  afford 
it  at  a degree  of  heat  lefs  than  is  neceffary  to 
difengage  it  from  the  oxides  of  mercury  : a 
ftrong  fire  is  required  to  difengage  the  laft  por- 
tions. Four  ounces  of  the  manganefe  of  Ce- 
vennes  afforded  me  nine  pints  of  oxigenous  gas. 
The  refidue  in  the  retort  was  a grey  oxide  ; 
one  part  of  which  was  incrufted  in  the  fufed 
glafs,  and  had  communicated  to  it  a very  rich 
violet  colour. 

The  oxide  of  manganefe,  diftilled  with  char- 
coal, affords  the  carbonic  acid : but,  if  it  be 
calcined  in  an  open  veffel,  it  is  reduced  into  a 
grey  powder,  which  lofes  confiderably  of  its 
weight  when  the  fire  is  very  ftrong;  and  at 
length  agglutinates,  and  forms  a green  mafs. 

If  it  be  mixed  with  charcoal,  it  does  not 
fuffer  any  perceptible  change  in  its  colour. 

Manganefe,  expofed  to  a very  violent  heat, 
vitrifies,  and  affords  a glafs  of  an  obfcure  yel- 
low colour.  The  iron  which  is  mixed  with  it 
preferves  its  metallic  form. 

Manganefe  is  eafily  changed  in  the  air,  and 
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is  refolved  into  a brown  powder  of  a greater 
weight  than  the  femi-metal  itfelf : a certain 
proof  of  oxidation. 

Manganefe  unites  eafily  by  fufion  with  all 
the  metals  except  pure  mercury.  Copper  al- 
loyed with  a certain  quantity  of  manganefe  is 
Hill  very  malleable. 

•If  a mixture  of  the  phofphateof  urine  with  a 
fmall  quantity  of  oxide  of  manganefe  be  placed 
upon  charcoal,  and  be  kept  in  fufion  for  a few 
inftants  by  means  of  the  blue  interior  flame  of 
the  blow-pipe,  a tranfparent  glafs  will  be  pro- 
duced, of  a blue  colour  incliningto  red ; which, 
when  charged  with  a certain  quantity  of  the 
fait,  aflumes  the  colour  of  a ruby.  If  it  be  kept 
in  fufion  for  a longer  time,  a flight  effervef- 
cence  is  perceived,  and  all  the  colour  difap- 
pears.  If  the  tranfparent  globule  be  then  foft- 
ened  by  the  exterior  flame,  the  colour  foon  re- 
turns, and  may  be  again  effaced  by  keeping  up 
the  fufion  for  a time.  The  fmallefl:  portion  of 
nitrate,  added  to  theglafs,  immediately  reftores 
the  red  colour ; and,  on  the  contrary,  it  is  de- 
Hroyed  by  the  addition  of  fulphuric  falts.  This 
globule  of  glafs  taken  from  the  charcoal,  and 
fufed  in  the  fpoon  of  perfect  metal,  becomes 
red,  and  changes  no  more.  Thefe  experiments 
were  made  by  the  celebrated  Bcrgmann. 


The 
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The  fulphuric  acid  attacks  manganefe,  and 
produces  hydrogenous  gas.  This  metal  is  dif- 
folved  more  (lowly  than  iron  ; a fmell  is  difen- 
gaged  fimilar  to  that  which  is  afforded  by  the 
folution  of  iron  by  the  muriatic  acid.  The 
folution  is  as  colourlefs  as  water,  and  affords 
by  evaporation  tranfparent  colourlefs  cryffals 
in  the  form  of  parallelepipeds,  and  of  a bitter 
tafte.  Mr.  Sage  obtained  them  in  tetrahedral 
prifms,  terminated  by  four-fided  pyramids. 
This  fait  efflorefees  in  the  air. 

If  the  fulphuric  acid  be  poured  on  the  oxide 
of  manganefe,  and  its  aflion  affiffed  by  a gentle 
heat,  an  affonifhing  quantity  of  oxigenous  gas 
is  difengaged.  The  oxide  of  manganefe  of 
Cevennes  afforded  me  five  pints  and  a half  per 
ounce.  When  this  oxide  is  deprived  of  its  oxi- 
gene,  the  refidue  is  a white  powder,  foluble  in 
water,  which  by  evaporation  affords  the  ful- 
pkate  of  manganefe,  already  deferibed. 

The  celebrated  Bergmann  has  obferved  that 
coaly  matter,  fuch  as  fugar,  honey,  and  gum, 
affifted  the  adtion  of  the  acid.  This  depends 
on  the  combination  of  the  oxigene  with  thefe 
agents,  to  form  the  carbonic  acid ; and  the  ful- 
phuric acid  acts  more  eafily  upon  the  metal  it- 
felf. 

Manganefe  is  precipitated  from  its  folutions 


288 


Eudiometer  with  Manganefe. 

by  the  alkalis,  in  the  form  of  a whitifh  gelati- 
nous matter  ; but  this  precipitate  foon  lofes  its 
colour,  and  becomes  black  by  the  contadl  of  the 
air.  This  phenomenon,  which  I have  myfelf 
been  a witnefs  to,  can  be  attributed,  in  my  opi- 
nion, only  to  the  abforption  of  oxigenous  gas  : 
and  I was  convinced  of  this  truth  by  agitating 
the  precipitate  in  bottles  filled  with  this  gas  ; 
lor  in  this  fituation  the  black  colour  is  produc- 
ed in  one  or  two  minutes,  and  a confiderable 
part  of  the  gas  is  abforbed.  I have  conftrudled 
an  eudiometer  as  certain  and  as  invariable  as 
that  which  the  liquid  fulph.ur  of  pot  afh,  or  fo- 
lution  of  liver  of  fulphur,  affords  ; but  a large 
quantity  of  precipitate  is  required,  which  muff 
be  agitated  againff  the  (ides  of  the  veffels,  in 
order  that  it  may  prefent  a greater  furface  to 
the  air,  and  that  the  abforption  may  be  more 
fpeedy.  I judge  of  the  abforption  by  cauling 
the  veffel  to  communicate,  by  a graduated  tube, 
with  (landing  water.  The  afcenlion  of  this 
water  in  the  tube  is  proportionate  to  the  vo- 
lume of  oxigenous  gas  abforbed. 

The  nitric  acid  diffolves  manganefe  with  ef- 
fervefcence.  There  always  remains  a black, 
fpongy,  and  friable  body,  which  exhibited  to 
Bergmann  all  the  characters  of  molybdena. 
Other  fol vents  prefented  a fimiiar  refidue.  The 

folu- 
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folution  of  the  nitrate  of  manganefe  has  fre- 
quently a dull  colour,  and  affumes  the  red  co- 
lour with  difficulty.  This  folution  does  not 
afford  folid  cryftals,  even  by  flow  evaporation* 
The  oxides  of  manganefe  are  foluble  in  the 
nitric  acid.  It  is  obfervable  that  this  acid  is 
not  decompofed  upon  them,  becaufe  it  finds 
the  metal  in  the  ffate  of  oxide*  Carbonic  acid* 
is  afforded  when  coaly  fubflances  are  added  to 
afliff  the  folution.  When  the  nitrous  or  fuming 
nitric  acid  is  ufed,  the  folution  is  made  without 
the  affiftance  of  thefe  coaly  fubflances,  becaufe 
the  excefs  of  nitrous  gas  feizes  the  oxigene  of 
the  oxide.  Thefe  folutions  do  not  cryftallize. 

The  muriatic  acid  diffolves  manganefe;  but 
when  it  is  digefled  upon  the  oxide  it  feizes  the 
oxigene,  and  pafies  in  vapour  through  the  wa<* 
ter.  This  vapour  is  known  by  the  name  of 
Oxigenated  Muriatic  Acid,  whofe  properties 
we  have  already  explained. 

The  refidue  in  the  retort  confifls  of  a portion 
of  acid  combined  with  the  manganefe.  This 
by  evaporation  affords  a faline  mafs,  which 
attracts  the  humidity  of  the  air. 

The  fluoric  acid  with  manganefe  affords  a 
fait  of  fparing  folubility,  and  this  acid  diffolves 
but  little  of  it  : but  by  decompofing  the  ful- 
phate,  the  nitrate,  or  the  muriate  of  manganefe 
. Vol,  II.  U by 
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by  the  fluatc  of  ammoniac,  a fluate  of  manga- 
nefe is  precipitated.  The  fame  phenomenon 
takes  place  with  the  phofphoric  acid.  The 
acetous  acid  has  but  a weak  action  upon  this 
fubftance.  If  it  be  digeftcd  upon  the  oxide  of 
manganefe,  it  acquires  the.  property  of  dif- 
folving  copper,  and  forms  the  beautiful  acetate 
of  copper,  or  cryftals  of  Venus;  whereas  the 
fame  acid,  digefxed  on  copper,  forms  verdigris, 
or  (imply  corrodes  it.  This  circumhance  proves 
that  the  acetous  acid  becomes  charged  with 
oxigenousgas,  by  the  affiftance  of  which  it  dif- 
folves  the' copper. 

The  oxalic  acid  not  only  diffolves  manga- 
nefe, but  likewife  the  black  oxide  of  manga- 
nefe. The  faturated  folution  depofits  a white 
powder,  if  there  be  not  an  excefs  of  acid.  This 
fait  is  blackened  by  the  fire,  but  eafily  refumes 
the  milky  colour  in  the  fame  acid.  The  oxalic 
acid  precipitates  it  in  the  form  of  fmall  crys- 
talline grains,  when  poured  into  folutions  made 
by  the  fulphuric,  nitric,  or  muriatic  acids. 

The  acidulous  tartrite  of  pot-afh  diffolves 
the  black  oxide,  even  in  the  cold.  The  tar- 
trite of  pot-afh  added  to  any  folution  what- 
ever of  manganefe,  occafions  a precipitate 
which  is  a true  tartrite  of  manganefe. 

The  carbonic  acid  attacks  manganefe  and 
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the  black  oxide.  The  folution  becomes  co- 
vered in  the  open  air  with  a pellicle,  which  con- 
lifts  of  manganefe  that  is  feparated  and  oxided. 
It  is  white  when  it  does  not  contain  iron. 

If  the  muriate  of  ammoniac  be  diftilled  with 
this  oxide  of  manganefe,  an  elaftic  fluid  is 
di (engaged,  according  to  the  obfervation  of 
Scheele,  which  he  conliders  as  one  of  the  prin- 
ciples of  ammoniac,  without  determining  its 
nature.  Mr.  Berthollet  has  proved  that,  when 
ammoniac  is  difengaged  bv  a metallic  oxide, 
there  is  a portion  decompofed.  The  oxigene 
of  the  oxide  unites  to  the  hydrogenous  gas  of 
the  alkali  to  form  water,  and  the  nitrogene  gas 
efcapes. 

Eight  parts  of  oxided  manganefe  take  up,  by 
a gentle  heat,  in  a glafs  retort,  three  parts  of 
fulphur ; and  produce  a mafs  of  a greenifh  yel- 
low colour,  which  acids  attack  with  an  effer- 
vefcence  and  hepatic  fmell. 

Manganefe  itfelf  does  not  appear  to  com- 
bine with  fulphur. 

In  order  to  feparate  iron  from  manganefe, 
the  alloy  muft  be  diffolved  in  the  nitric  acid, 
and  evaporated  to  drynefs.  The  refidue  muft 
be  ftrongly  calcined,  and  digefted  with  weak 
nitric  acid,  and  a fmall  quantity  of  fugar.  The 
U 2 acid 
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acid  takes  up  the  manganefe,  which  may  be 
precipitated  by  the  carbonate  of  pot-afh. 

The  alloy  may  likewife  be  put  into  a folution 
of  the  fulphate  of  iron.  The  acid  abandons 
the  iron  to  unite  with  the  manganefe. 

The  iron  having  lefs  affinity  with  the  acid 
than  the  manganefe,  may  likewife  be  precipi- 
tated by  a few  drops  of  alkali. 

The  oxide  of  manganefe  is  chiefly  ufed  in 
glafs-noufes,  to  deprive  glafs  of  its  green  or 
yellow  colour,  which  foda  and  fand,  when 
fufed  together,  ufually  alfume.  It  has  on  this 
account  been  called  the  Soap  of  the  Glafs- 
makers.  It  is  alfo  ufed  to  colour  glafs  and 
porcelain  of  a violet  colour. 

The  confumption  of  this  mineral  is  become 
more  conliderable  lince  the  difcovery  of  the 
oxigenated  muriatic  acid,  which  has  pointed 
out  its  ufes  in  bleaching  of  linen,  cotton,  &c. 
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CHAP.  VIII 


Concerning  Lead. 


EAD  is  the  fofteft,  the  leaft  tenacious. 


the  lead  fonorous,  the  lead  eladic,  and 
one  of  the  mod  ponderous,  of  metals,  A cubic 
foot  of  lead  weighs  feven  hundred  and  ninety- 
four  pounds,  ten  ounces,  four  gros,  forty- 
four  grains.  Its  fpecific  gravity  is  to  that  of 
water  as  1 15523  to  10000,  according  to  Brif- 
fon.  Its  fradure  is  of  a blueifh  white  colour, 
darker  than  that  of  tin,  and  tarnidiing  in  the 
air.  It  pofTefles  a peculiar  fmell,  which  is 
rendered  perceptible  by  fridion. 

A gentle  heat  is  diffident  to  fufe  lead ; and 
the  abbe  Mongez  obtained  it  in  crydals  of  the 
form  of  quadrangular  pyramids,  recumbent  on 
one  fide.  Some  authors  affirm  that  lead  is  oc- 
cadonally  met  with  in  the  native  date.  Walle- 
rius  mentions  three  pieces  of  this  kind.  The 
German  mineralogids  likewife  affirm  that  it 
has  been  found  native  in  Villach  in  Carinthia. 
Mr.  Gendane  found  in  Vivarais,  in  four  places, 


at 


294 


Various  Ores  of  Lead . 

at  Serremejanes,  at  Fayet  near  Argentiere,  at 
St.  Etienne  de  Boulogne,  and  near  Villeneuve 
de  Berg,  "grains  of  native  lead,  from  the  fize 
Cf  of  a chefnut  to  an  almoft  imperceptible  de- 
(<  gree  of  fmallnefs;  they  are  all  included  in  a 
<f  very  ponderous  metallic  earth,  which  is  pre- 
<r  cifely  of  the  colour  of  the  afhes  of  beech,  or 
cc  of  litharge  reduced  to  an  impalpable  pow- 
“ der.  This  earth  may  be  cut  with  a knife,  but 
€e  requires  the  hammer  to  break  it.”  He 
found  pieces  which  contained  a fubftance 
fimilar  to  litharge  in  their  internal  part. 

Linnaeus  fpeaks  likewife  of  a native  lead  in 
cryftals. — Moft  naturalifts  agree  to  confider 
native  lead  as  of  a very  problematical  exigence. 
The  various  famples  found  in  cabinets  are  pro- 
bably owing  to  ancient  mine-works.  Time  has 
changed  their  appearance,  and  incrufted  them 
with  various  matters,  which  feem  to  prove  that 
they  do  not  owe  their  formation  to  the  action 
of  fire;  and  this  is  the  circumftance  which  may 
have  impofed  on  certain  naturalifts. 

- i.  Lead  is  ufually  mineralized  by  fulphur  ; 
and  this  ore  is  known  by  the  name  of  Galena. 

It  ufually  cryftallizes  in  cubes,  and  in  all  the 
varieties  of  that  figure. 

Galena  is  diftinguifhed  into  feveral  fpecies. 
1.  Large  diced  galena.  2.  Small  diced  ga- 
lena. 
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lena.  3.  Scaly  or  plated  galena.  4.  Compadt 
galena,  in  fmall  brilliant  grain's  refembling 
fieel.  It  "does  not  appear  to  be  lamellated. 

Thefe  diftinclions  are  more  especially  ne- 
ceffary  to  be  attended  to,  becaufe  the  fpecies 
are  very  different  in  richnefs,  and  the  alloy  of 
filver,  •which’  is  infeparable  from  galena.  In 
general,  the  large  diced  galena  is  poor  in  filver, 
and  is  ufed  tcrgive  a glaze  to  pottery,  by  the 
name  of  Alquifoux,  or  potters  lead  ore.  That 
which  is1  in  fmall  grains  iV  richer,  and  is 
wrought  as  a lead  ore  containing  fiiver. 

Gafeha  is  the  only  fpecies  of  lead  ore  which 
is  worked  ; and' \ve  lhall  relate  aH  we"  have  To 
fay  concerning idie'  working  and  alfay  of  lead 
ores  after  having  fp'oken  'cf  the  other  ores. 

2.  Lead  has  been Toirnd  mineralized  by* the 
fulphuric  acid.  Mr.  MbUnet  has  called  this 
6re  the  p it u i tons  lead m re.  It  is*  friable,  dull, 
black,  and  almoft  always  cry  {fall  ized  in  very 
long  needles,' or  in'  ilaiadlites.  It  efflorefces 
in  the  kir,  and  affords  a true  fulplifte  of  lead. 
This  appears  to  be  of ‘the  nature  of  galena  : 
for  as  the  fulphate  is  Hot  developed  but  by  tfie 
cfflorefcence  of  thU'Ofe,  it  may  be  concluded 
that  the  fulphuric  acid  docs  not  exilf  in  the' 
virgin  ore  itfelf. 

Lead  mixed  with  iron  is  fomerimes  cotrtbined 

with 
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with  the  fulphuric  acid.  A large  quantity  is 
found  in  the  ifland  of  Anglefea.  It  cannot  be 
reduced  upon  charcoal  with  the  blow-pipe,  but 
it  fufes  into  a black  glafs. — Dr.  Withering  has 
indicated  this  ore.  c. 

3.  The  carbonic  acid  very  often  mineralizes 
lead,  and  exhibits  fome  varieties  which  we  fhall 
proceed  to  defcribe. 

A.  The  white  lead  ore. — This  is  almoff  al- 
ways found  in  the  cavities  of  decompofed  ga- 
lena, or  in  the  veins  of  powdery  ftone  conraim 
ing  galena.  It  is  heavy,  and  frequently  of  a 
greafy  colour;  decrepitates  in  the  fire  ; and  is 
ealily  reduced  by  diftillation,  affording  only 
water  and  the  carbonic  acid.  Its  form  is.  almoft 
always  cryffalline,  but  varies  prodigioufly. 
The  primitive  form  appears  to  be  a dodecahe- 
dron, v/ith  ifofceles  triangular  planes. 

I have  feen  cryffals  accurately  of  the  form 
of  an  hexahedral  prifm  fometimes  terminated 
by  a fix-fided  pyramid.  The  ores  of  St.  Sau- 
veur  in  the  Cevennes  have  afforded  us  this 
variety;  Mr.  Sage  poffefles  white  lead  ore  of 
Geroldfeck  cryftallized  in  cubes. 

White  lead  as  tranfparent  as  flint  glafs  has 
been  found  in  England  and  in  Siberia. 

The  analyfis  of  the  white  lead  of  Siberia 
afforded  Mr.  Macquart,  per  quintal,  fixty- 

feven 
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ieven  parts  lead,  twenty-four  carbonic  acid, 
fix  oxigene,  and  three  water. 

B.  Green  lead  ore. — This  differs  from  the 
foregoing  only  in  the  modifications  produced 
by  rhe  colouring  principle,  which  is  copper, 
according  to  Spielman  ; and  iron,  according  to 
the  greateft  number  of  chemifls.  Its  form  is 
ufually  that  of  a truncated  hexahedron  ; and 
this  ore  is  not  fo  eafily  reduced  as  the  white 
ore. 

C.  The  black  ore  of  lead. — Lead  may  re- 
turn to  the  flate  of  galena  by  refuming  the 
fulphur  it  had  loft ; and  this  regeneration  is 
nor  rare.  It  is  enough  that  any  hepatic  vapour 
fhould  ftrike  the  ore  to  effedt  this  converfion. 

i 

The  ores  of  Tfchopau  in  Saxony,  and  thofe 
of  Huelgoet  in  Lower  Bntanny,  exhibit  fine 
inftances  of  this  phenomenon. 

The  gradations  or  intermediate  fpecimens 

of  thefe  different  ores  eftablifh  an  infinite  num- 

! 

ber  of  fpecies,  which  the  natural  iff  can  never 
admit  but  as  varieties.  The  tranfition  of  the 
white  lead  ore  to  the  black  ore  exhibits  grada- 
tions of  colour  which  it  would  be  very  fuper- 
fluous  to  deferibe. 

In  the  year  1766,  Mr.  Lehmann  deferibed  a 
new  fpecies  of  lead  ore,  called  Red  Lead.  It 
was  found  in  Siberia,  in  the  environs  of  Ca- 

therineburg. 
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therineburg.  Its  cryffals  are  grouped,  and  ad- 
herent to  quartz/to  copper  ores,  or  iron;  and 
fometimes  to  galena,  with  cryftals  of  white  and 
green  lead.  It  is  frequently  crystallized  fn 
rhoniboidal  tetrahedral  prifrhs,  fhort,  and 

, r r t ^ „ “ • 

truncated  obliquely.  ’ 

Mr.  Sage  has  confidered  this  lead  ore  as  a 
variety  of  the  preceding  fpecies,  coloured  by 
iron,  of  which  Mr.  Lfehmaiiti  has  proved  the 
exigence.  The  abbe  Mongez  thinks  it  is 
mineralized  by  the  arfenical  acid. 

Mr.  Macquart  has  given  us  the  moft  valua- 
ble information  refpedling  the  red  lead  ore;  and 
has  proved  by  art  accurate  analyfis  thatrit  con- 
tains, in  the  quintal,  lead  thirty-fix,  bxigene 
thirty-feven,  iron  twenty-five,  and  alumine 


two.' 
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alfo  been  found 
'"This  ore,  dif- 
covered  by  Gahfi,  owres  its  green  colour  to  iron. 
It  does  not  efferVefce  with  acids.  In  order  to 
affay  it,  it  mtrft  be  diffolved  in  the  nitric  acid 
by  the  afiifiance  of  h'eat,  and  the  lead  may  then 
be  precipitated  by  the  fulphurlb  acid.  The  fu- 
pernatant  liquor  being  decanted  ‘off,  and  eva- 
porated to  drynefs,  affords  the  phofphoric  add. 

This  ore  melts  by  the  blow-pipe,  and  affords 
an  opake  globular  mafs  without tebucffion.  Its 
- ; habitudes 


4.  The  phofphoric ' acid  has' 
naturally  combined  with  feacf.' 
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habitudes  with  fluxes  refemble  thofe  of  lead 
and  its  oxides. 

Mr.  De  la  Mctherie  has  informed  us  that 
Mr.  * # an  Englifh  gentleman,  by  treating 
lead  ores  with  the  blow-pipe,  had  ohferved 
that  there  was  one  whbfe  globule  cryftallized 
by  cooling,  after  having  been  in  perfect  fufion; 
and  that  thefe  ores  were  not  reducible  by  the 
blow-pipe.  He  fufpedled  they  were  mineral- 
ized by  the  phofphoric  acid.  Mr.  De  la  Me- 
therie  and  this  gentleman  took  -even  ounces  of 
the  green  lead  ore  of  HofFsgruard,  near  Fri- 
bourg in  Brifgaw  ; which,  when  treated  by  the 
foregoing  procefs,  afforded  them  phofphoric 
acid.  The  phofphoric  acid  combined  with 
minium  afforded  them  a green  compound. 

The  decompofition  of  the  ores  which  we 
have  defcribed  frequently  affords  the  oxides  of 
lead,  or  calciform  ores. 

Thefe  oxides  at  firft  afford  a powder  which, 
being  carried  along  by  waters,  often  mixes  with 
argillaceous,  calcareous,  or  quartzofe  earths. 

Thefe  oxides  vary  more  particularly  in  their 
colour,  which  aflimilates  them  more  or  lefs 
perfedlly  to  cerufe,  mafficot,  or  minium. 

In  order  to  make  the  affay  of  a galena,  it 
jnuft;  be  pulverized  and  torrefied.  The  torrefied 

mineral. 
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mineral,  mixed  with  three  parts  of  black  flu*, 
affords  by  fufion  a metallic  button,  which  in- 
dicates the  proportions  of  the  lead  in  the  quin- 
tal of  the  ore. 

Bergmann  propofes  to  make  the  affay  of 
fulphureous  lead  ores  by  the  nitric  acid,  which 
diffolves  the  lead  and  not  the  fulphur.  The 
foiution  is  then  to  be  precipitated  by  the  car- 
bonate of  foda;  and  one  hundred  and  thirty-two 
grains  of  the  precipitate  are  equivalent  to  one 
hundred  of  the  metal.  If  the  ore  contains  filver, 
ammoniac  is  to  be  digefled  on  the  precipitate> 
from  which  it  diffolves  the  oxide  of  filver. 

The  various  operations  to  which  lead  ore  is 
fubjedled  to  obtain  the  lead,  are — i.  It  is  forted, 
to  feparate  the  rich  or  pure  ore  from  the  pul- 
verized matter,  and  thegangue  which  contains 
no  metal.  2.  The  ore  is  pulverized,  and  its 
gangue  feparated  by  wafhing.  3.  The  ore  is 
roafted  in  a reverberatory  furnace,  with  occa- 
lional  agitation,  that  it  may  prefent  all  its  fur- 
faces  to  the  air  ; and  when  the  external  part  be- 
gins to  affume  the  form  of  apafte,  it  is  covered 
with  charcoal,  the  mixture  is  Birred,  and  the, 
heat  increafed.  The  lead  then  runs  on  all 
fides,  and  is  collected  at  the  bottom  of  the 
furnace,  which  is  pierced,  and  permits  the 

metal 
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metal  to  flow  into  a receptacle  properly  defend- 
ed by  a lining  of  charcoal. 

The  fcoriae,  which  flill  retain  much  lead, 
are  fufed  by  a blaft  furnace:  the  lead  is  call 
into  pigs  for  fale. 

To  difengage  the  (liver  which  the  lead  may 
contain,  it  is  carried  to  the  refining  furnace ; 
where,  by  the  united  energy  of  fire,  and  the 
wind  of  bellows  directed  upon  the  melted  lead, 
the  metal  is  converted  into  a yellow  fcaly 
oxide,  called  Litharge.  This  litharge  is  driven 
off  in  proportion  as  it  forms ; and  the  filver 
remains  alone  in  the  middle  of  the  cupel.  The 
colour  caufes  a diftindtion  of  the  litharge  into 
litharge  of  gold,  or  litharge  of  filver.  When 
the  litharge  is  fufed  in  contadl  with  charcoal, 
it  refumes  its  (late  of  metal ; and  the  lead  is  fo 
much  the  better,  in  proportion  as  it  has  been 
deprived  of  the  filver  it  contained.  The 
fmalleft  alloy  of  fine  metal  renders  it  brittle. 

Lead  is  fufible  by  a gentle  heat.  If  it  be 
kept  for  fome  time  in  fufion,  it  becomes  co- 
vered with  a grey  oxide;  which,  when  expofed 
to  a more  violent  heat,  capable  of  keeping  it 
ignited,  aflumes  a deep  yellow  colour,  in  which 
fiate  it  is  called  Maflicot.  Mafficot  may  be  con- 
verted into  the  red  oxide,  or  minium,  by  the 
following  procefs.  When  the  lead  is  converted 
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into  mafticot,  it  is  thrown  out,  and  cooled  by 
pouring  water  upon  it ; after  which  it  is  car- 
ried to  the  mill,  and  ground  into  very  fine 
powder,  which  is  w a filed  in  water.  The  par- 
ticles of  lead  which  could  not  be  pulverized 
in  the  mill,  remain  in  the  vefTel  where  the 
wafhing  is  performed. 

This  oxide  of  lead  is  fpread  out  upon  the 
hearth  of  the  furnace  in  which  it  is  calcined. 
Lines  are  drawn  on  its  furface  ; and  it  is  ftirred 
from  time  to  time,  that  it  may  not  clot  toge- 
ther ; and  the  fire  is  kept  up  for  forty-eight 
hours.  When  the  minium  is  taken  out  of  the 
furnace,  it  is  put  into  large  fievesof  wood,  and 
paired  through  very  fine  net  work,  or  cloth  of 
iron  wire,  placed  over  the  cafks  which  receive 
the  minium.  We  are  indebted  to  Mefirs.  Jars 
for  this  information,  who  have  given  very  cu- 
rious details  refpeding  the  manufa&ories  of 
minium  in  the  county  of  Derby. 

Mr.  Geoffroy  was  of  opinion,  thar,  in  order 
to  form  minium,  no  greater  heat  was  required 
than  one  hundred  and  twenty  degrees  of 
Reaumur’s  thermometer.  But  this  heat  is  not 
adapted  to  works  on  a large  fcale  ; for  in  thefe 
the  roof  of  the  furnace  is  kept  at  a red  heat. 
The  lead  increafes  in  weight  ten  per  cent,  by 
the  calcination. 
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All  thefe  oxides,  urged  by  a Wronger  hear, 
are  converted  intoa yellow  glafs,  fo  very  fufible, 
that  it  penetrates  and  dedroys  the  bed  crucibles. 
It  is  ufed  in  glafs-houfes,  on  account  of  its  fu- 
sibility, not  only  to  adid  the  fudon,  but  like- 
wife  to  render  the  glafs  fofter,  more  ponderous, 
of  a more  unctuous  feel,  and  more  fufceptible 
of  being  cut  and  polifhed.  Thefe  are  the  rea- 
sons for  which  it  is  made  a part  of  the  compo- 
fkion  of  Hint  glafs,  and  cryftal  glafs. 

The  oxides  of  lead,  diftilled  without  addition, 
afford  oxigenous  gas  by  a violent  heat. — Pried- 
ley  obtained  it  from  minium,  part  of  which  was 
converted  into  globules  of  metal. 

When  thefe  oxides  are  fufed  with  coaly 
matter,  the  metal  becomes  revived. 

The  fulphuric  acid  boiled  upon  lead  affords 
much  fulphureous  acid ; and  an  oxide  is  formed, 
which  arifes  from  a combination  of  the  oxigene 
of  the  acid  with  the  lead.  A portion  of  the 
lead  is  neverthelefs  diffolved  ; for  if  a fufficient 
quantity  of  water  be  poured  on  the  refidue,  a 
very  caudic  fait  is  obtained  by  evaporation,  in 
tetrahedral  prifms,  foluble  in  eighteen  times 
their  weight  of  water.  This  fulphate  is  decom- 
pofed  by  fire,  lime,  the  alkalis,  &c. 

Very  hot  fulphureous  acid,  poured  into  a 
leaden  veffel,  corrodes  and  dedroys  it  indantly. 

The 
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The  concentrated  nitric  acid  is  readily  de- 
compofed  upon  lead,  and  converts  it  into  a 
white  oxide;  but  when  the  acid  is  weak  it  dif- 
folves  the  metal,  and  forms  cryftals  of  an  opake 
white,  in  the  form  of  fegments  of  a three-fided 
prifm.  I have  fpecimens  of  the  nitrate  of  lead 
in  my  laboratory,  which  poffefs  the  form  of 
truncated  hexahedral  prifms  ; three  of  the  fides 
being  broader  than  the  others,  and  exactly  fimi, 
Iar  to  thofe  which  Mr.  De  Fourcroy  obtained 
by  infenfible  evaporation. 

This  fait  decrepitates  in  the  fire,  and  is  fufed 
with  a yellowifh  flame  upon  ignited  coals.  The 
oxide  of  lead  becomes  yellow,  and  is  reduced 
into  globules  of  metal.  Sulphuric  acid  takes 
lead  from  the  nitric  acid. 

The  muriatic  acid,  aflifted  by  heat,  oxides 
lead,  and  diflolves  a portion.  This  fait  cryf- 
tallizes  in  ftriated  hexahedral  prifms. 

This  muriate  is  flightly  deliquefcent.  Lime 
and  alkalis  decompofe  it. 

The  fame  acid  poured  on  litharge  decom- 
pofes  it  inftantly . Fifty  or  fixty  degrees  of  heat 
are  produced.  The  folution  affords  fine  octa- 
hedral cryflals,  of  an  opake  white  colour,  a 
flyptic  tafte,  and  of  very  confiderable  weight. 

This  fait  decrepitates  on  the  coals;  and  when 
the  fire  is  increafed,  its  water  of  cryftallization 

efcapes. 
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efcapes,  and  it  becomes  converted  into  a mafs 
ot  a beautiful  yellow  colour. 

Three  parts  of  water,  at  fifteen  degrees  of 
temperature,  diffolve  one  part ; and  boning 
water  more  than  its  weight. 

The  pure  alkalis  precipitate  it  in  the  form  of 
a magma,  which  occafions  a kind  of  miraculus 
mundi. 

The  affinity  of  the  muriatic  acid  with  the 
oxide  of  lead  is  fo  firong,  that  it  is  capable  of 
decompofing  all  its  combinations.  Minium 
or  litharge  decompofes  the  muriate  of  ammo- 
niac. The  fame  oxides,  triturated  with  marine 
fait,  feparate  the  foda;  and  ic  is  upon  thefe  facts 
Mr.  Turner  and  others  have  eftablifhed  manu- 
factories for  procuring  foda  by  the  decompo- 
fition  of  marine  fait.* 

The  muriates  of  lead,  calcined  or  fufed,  afford 
a pigment  of  a beautiful  yellow  colour.  The 


# I do  not  hear  that  foda  has  been  Separated  from  com- 
mon fait  by  a method  fuffieiently  cheap  for  the  purpofes  of 
commerce.  It  is  univ.erfally  underllood  that  Mr.  Turner’s 
profits  arife  from  the  fale  of  the  combination  of  muriatic  acid 
with  the  lead,  which  forms  the  yellow  pigment  known  in 
London  by  the  name  of  Patent  Yellow.  It  may  be  produced 
{imply  by  the  fufion  oflitharge  and  common  fait;  the  alkali 
being  volatilized,  and  driven  off,  if  the  fire  be  fuffieiently  iiv 
tenfe.  T. 
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manufactories  of  Soda  have  afforded  a very  con- 
siderable quantity,  which  is  Subftituted  inftead 
of  the  fine  Naples  yellow. 

4.  The  acetous  acid  corrodes  lead  ; and  af- 
fords a white  oxide,  known  by  the  name  of 
-white  lead. 

To  prepare  this  colour,  the  lead  is  melted, 
and  caff  into  plates  about  half  a line  in  thick- 
nefs,  four  or  five  inches  wide,  and  two  feet 
long.  Thefe  are  rolled  up  in  a fpiral  form,  in 
fuch  a manner  that  the  revolutions  remain  at 
the  difiance  of  half  an  inch  from  each  other. 
They  are  then  placed  in  pots,  upon  three  points, 
which  project  from  the  infide  at  about  one- 
third  of  the  height.  Malt  vinegar  is  poured  into 
thefe  pots  to  the  height  of  the  bottom  of  the 
lead,  and  they  are  buried  in  dung  beneath 
Sheds.  A great  number  of  thefe  are  difpofed 
befide  each  other,  and  Several  Strata  are  formed. 
Care  is  taken  to  cover  each  pot  with  a plate  of 
lead  and  boards.  At  the  expiration  of  a month 
or  fix  weeks  they  are  taken  out,  and  the  white 
lead  is  Separated.  This  white  calx  is  then 
ground  in  mills,  and  afterwards  put  into  a vat, 
from  which  it  is  taken  out  to  dry.  The  drying 
is  performed  in  the  Shade,  becaufe  the  fun  im- 
pairs the  colour.  For  this  purpofe  it  is  put 
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into  fmall  conical  earthen  pots  5 and  when  Suf- 
ficiently dry  it  is  wrapped  in  paper,  and  diftri- 
buted  for  fale. 

Cerufe  does  not  differ  from  white  lead,  ex- 
cepting that  a more  or  lefs  confiderable  quan- 
tity of  chalk  is  mixed  with  it. 

All  the  oxides  of  lead  are  foluble  in  vinegar* 
The  folution  of  the  acetate  of  lead,  duly  con- 
centrated, cryflallizes  in  efflorefcent  tetrahe- 
dral-prifms,  and  forms  the  fait  of  faturn,  or 
fugar  of  lead. 

Cauftic  alkalis  diffolve  the  oxides  of  lead, 
and  the  metal  may  be  precipitated  by  the  addi- 
tion of  acids.  When  the  alkaline  folution  is 
concentrated,  the  lead  re-appears  nearly  in  the 
metallic  form,  and  the  alkali  is  found  to  have 
acquired  a faint  and  very  peculiar  tkfte. 

The  ufes  of  lead  in  the  arts  are  multifarious* 
It  is  ufed  to  make  w'ater-pipes,  boilers,  cover- 
ings for  the  roofs  of  buildings,  tea-chefts,  and 
other  articles  of  package.  It  is  rendered  pro- 
per for  thefe  ufes,  either  by  laminating  it,  or 
by  cauling  it  to  flow  out  upon  a bed  of  fand- 
well-rammed  and  levelled,  or  upon  the  cloth 
called  ticking. 

It  is  likewife  ufed  to  make  bullets  and  fmall 
fhot.  The  bullets  are  caff  in  moulds;  but  the 
fmall  foot  is  made  in  the  following  manner * 
X 2 Lead 
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Lead  is  fufed.  with  a frnall  quantity  of  arfenie, 
to  render  it  more  brittle;  and  when  its  tem- 
perature is  fuch  as  to  admit  of  a card  being 
plunged  in  it  without  burning,  it  is  poured  into 
a kind  of  cullender,  pierced  at  the  bottom  with 
many  holes,  and  containing  lighted  charcoal: 
this  cullender  is  held  over  water  ; and  the  lead 
alfumes  a round  form  as  it  enters  this  liquid. 

Lead  is  ufed  in  the  tinning  of  copper  vef- 
fels.  This  is  a pernicious  fraud  fupported  by 
cuftom,  and  tolerated  by  the  want  of  vigilance 
in  the  police.  It  is  the  more  dangerous  from 
the  circumftance  that  fats,  oils,  and  vinegar, 
corrode  or  dilfolve  lead,  which  by  that  means 
becomes  mixed  with  the  aliments. 

Lead  ore  is  likewife  ufed  to  glaze  pottery. 
For  this  purpofe  gaTna  is  pulverized,  and 
mixed  with  water.  The  veflel  intended  to  be 
glazed  is  dipped  into  this  fluid,  after  having 
been  expofed  to  a firft  baking.  It  accordingly 
becomes  covered  with  the  galena ; which,  when 
expofed  to  a violent  heat,  paffes  to  the  Rate  of 
glafs,  and  forms  a covering  of  the  glafs  of  lead 
over  the  whole  furface.  This  procefs  is  at- 
tended with  the  inconvenience  of  introducing 
a dangerous  poifon  into  our  culinary  veflels, 
whofe  effe&s  on  the  health  of  individuals  can- 
not but  be  fenfibly  felt. 
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Oxided  lead  enters  into  the  ccnpofition  of 
glalfes,  cryftals,  and  enamels.  It  poiTelTes  the 
advantage  of  facilitating  the  fufion,  and  giving 
the  glafs  an  undhious  feel,  and'a  degree  of  foft- 
jiefs,  which  renders  it  capable  of  being  cut  and 
polifhed. 

White  lead  and  cerufe  are  ufed  by  painters. 
Thefe  oxides  pofTefs  the  lingular  advantage  of 
not  being  perceptibly  altered  by  their  mixture 
with  oil ; and  form,  by  their  whitenefs  and 
body,  a balis  or  receiver,  which  is  very  fuita- 
ble  for  a variety  of  colours.  The  workmen 
who  grind  thefe  colours  are  affedted  by  them; 
and  fooner  or  hter  become  fubjedt  to  the 
painters  colic,  col'ica  pifitorum. 

Litharge  is  at  prefent  ufed  to  decompofe  fea 
fait ; and  the  muriate  of  lead  by  fulion  forms 
a ifuperb  yellow,  very  much  employed  in  var- 
nilh  colours. 

8.  Cerufe  is  likewife  much  ufed  for  drying 
up  habitual  moifture  of  the  fkin,  and  for  flight 
burns.  It  is  applied  to  the  fkin  in  the  form  of 
powder,  and  there  is  no  remedy  more  fpeedy. 

The  fait  of  faturn,  orfugar  of  lead,  is  aimoft 
entirely  ufed  by  the  callico  printers. 

The  vinegar  of  faturn,  or  the  vegeto-mineral 
water  of  Mr.  Goulard,  is  a very  proper  aftrin- 
gent  in  the  confequences  or  remains  of  venereal 
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difarders : . it  is  likewife  ufed  to  waih  burns 
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and  ulcers,  anti  to  facilitate  their  cure. 
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This  extradt  is  likewife  ufed  to  clarify  li- 
quors, and.to  deprive  brandies  of  their  colour  ; 
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an  evil  practice  which  has  been  common  for 
fome  years  at  Sett?,  though  prohibited  .under 
heavy  penalties.— The  wine  merchants  avail 
themfelves  of  this  compotttion  but  too  often, 
or  of  litharge,  to  render  their  four  wines 
fweet,  This  fraud  was(  prod igiou fly  com- 
mon at  Paris  in  the  year  1750;  and  it  was 
proved  that,  in  the  interval  of  three  years, 
thirty  thoufand  muids  of  vinegar  had  been  thus 
fweetened,  and  fold  for  wine. 

The  oxides  of  lead  are  likewife  ufed  to 
harden  oils,  or  to  render  them  more  drying. 
In  this  operation  the  oxigene  of  the  oxide 
combines  w7ith  the  oil,  and  caufes  it  to  ap- 
proach nearer  to  the  nature  of  refins.  There  is 
Jikewife  a folution  of  lead  in  oils,  which  ferves 
as  the  bafis  of  platters. 
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Concerning  Tin. 
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TI  N is  a metahof  a white  colour,  inter- 
mediate between  that  of  lead  and  filver. 
It  is  very  flexible,  and  produces  a crackling 
noife  when  bended.  No  other  metal  pofTefTes 
this  property  except  zinc,  in  which  it  is  infi- 
nitely lefs  marked. 

This  metal  is  very  foft,  and  the  lighted  of 
any  of  the  entire  metals.  The  fpecific  gravity 

f 

of  fufed  tin  is  7,2914,  according  to  BrifTon. 

A cubic  foot  of  this  metal  weighs  about  five 
hundred  and  ten  pounds.  It  is  very  ducTile 
under  the  hammer  ; and  its  tenacity  is  fuch, 
that  a wire  of  one-tenth  of  ah  inch  in  dia- 
meter iscapable  of  fupportingforty  ninepounds 
eight  ounces  without  breaking.  Mr.  De  la 
Chenaye  has  cryftallized  tin  after  feveral  re- 
peated  fufions;  he  obtained  by  thefe  means  an 
affemblage  of  prifms  united  together  tideways. 

Tin  has  been  found  in  the  metallic  date  in 
the  bowels  of  the  earth.  Mr.  Sage  pofTefTes  a 

fpccimen 
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fpecimen  from  the  mines  in  Cornwall,  and 
Mr.  De  Lifle  likewife  has  one  in  his  collec- 
tion. This  tin,  fo  far  from  exhibiting  any  trace 
of  fufion,  has  the  external  appearance  of  mo- 
lybdena:  it  is  eafily  broken ; but  the  detached 
pieces  may  be  flattened  by  the  hammer. 

Tin  ore  is  either  white  or  coloured. 

1.  The  white  tin  ore,  which  has  been  often 
confounded  with  tungften,  cryftailizes  in  octa- 
hedrons. Its  texture  is  lamellated,  and  it  fre- 
quently includes  portions  of  reddifli  tin  ore. 
That  of  Cornwall  afforded  Mr.  Sage  fixty-four 
pounds  of  tin  in  the  quintal. 

2.  The  coloured  tin  ore  does  not  differ  from 
the  preceding,  excepting  that  it  contains  iron, 
and  fometimes  cobalt.  This  ore  ufually  has 
the  form  of  irregular  polyhedrons. 

Thefe  ores  afford  carbonic  acid  by  diftilla- 
tion  whenexpofed  to  fire  in  a crucible.  They 
decrepitate,  lofe  fomewhat  of  their  colour,  and 
become  one-tenth  lefs  heavy. 

Bergmann  found  fulphureous  tin  ore  among 
the  minerals  he  received  from  Siberia.  He  af- 
firms that  this  ore  was  of  a golden  colour  ex- 
ternally, refembling  aurum  mufivum;  and  in- 
ternally it  preferred  a mafs  of  radiated,  white, 
brilliant, . rittle  cryftals,  whic h aflumed change- 
able colours  on  expofure  to  the  air. 


To 
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To  aday  a tin  ore,  nothing  more  is  necefiary 
than  to  fufe  it  in  the  midft  of  the  coals.  Calci- 
nation in  the  open  fire  dilfipates  much  of  the 
metal  according  to  the  obfervation  of  Cramer. 

In  the  working  of  tin  ores,  the  mineral  mu  ft 
be  forted  very  exactly ; after  which  it  is  to  be 
pulverized,  and  wafhed  upon  tables  covered 
with  cloth.  By  agitation  with  a wifp  or  broom, 
the  gangue  is  fufpended  or  carried  away  by  the 
water,  and  the  tin  ore  remains  alone. 

The  furnace  made  ufe  of  in  Saxony  for  the 
fufibnof  tin  ore,  is  a variety  of  the  blaft-furnacc, 
on  the  hearth  of  which  is  a groove  to  receive 
the  melted  metal,  and  convey  it  into  a bafon  ; 
whence  it  is  taken  to  be  caff  in  moulds  of  cop- 
per or  of  iron. 

The  tin  ores  of  Cornwall  are  frequently 
mixed  with  copper  and  arfenical  pyrites.  The 
quartz,  which  is  its  gangue,  is  very  hard;  and 
on  this  account  the  operation  is  begun  by  torre- 
fadion  of  the  ore  before  it  is  pulverized.  After 
the  ore  is  waihed,  a feparation  of  the  magne- 
tical  iron  is  efFeded  by  means  of  loadftones. 
The  ore  is  ufually  fufed  in  the  reverberatory 
furnace. 

In  Saxony,  and  in  England,  the  fcori^e  are 
three  times  fufed  to  feparate  the  tin,  after  which 
they  are  pounded  to  feparate  the  laft  portions  of 

1 metal. 
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metal.  As  the  vein  of  yjnTn  tlap  mines  of  Corn- 
wall is  always  mixed  or ; accompanied,  with  a 
vein  of  copper,  die  tin  rauft  contain  this  latter 
metal,  however  great  the  precautions  which 
may  be  attended  50  in  tjsft  working. 

We  are  acquainted  yvith  tjiree  kinds  of  tin 
in  commerce.  • 

1.  Pure  tin,  fuch  as  that  of  Malacca,  of  Ban- 
ca,  and  the  loft  tin  of  England.  The  tin  of 
Malacca  is  calf  in  moulds  which  give  it  the 
form  of  a quadrangular  truncated  pyramid, 
with  a fmall  rirn  at  its  bafe.  It  is  called,  in 
France,  Etain  en  Chapeau , or  en  Ecritoire.  Each 
ingot  weighs  one  pound. — The  tin  of  Banca  is 
in  the  form  of  oblong  ingots,  weighing  from 
forty  to  forty-five  pounds  each. 

2.  The  Englifh  tin,  in  large  pigs,  is  caft  into 
flicks  of  ten  or  twelve  lines  in  diameter,  and  a 
foot  and  a half  long. 

3.  The  tin  ofthe  pewterers  is  alloyed  with  va- 
rious metals.  The  law  in  France  permits  them 
to  add  copper  and  bifmuth  ; and  they  of  their 
own  authority  add  zinc*  lead,  and  antimony. 

Every  kind  of  tin  enters  into  fufion  with  con- 
fiderable  facility,  for  it  is  the  moft  fufible  of 
the  metals.  If  it  be  kept  in  fufion  for  a fhort 
time,  expofed  to  the  adlion  of  the  air,  the  fur- 
face  becomes  wrinkled,  and  covered  with  a grey 

pellicle. 
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pellicle.  If  this  firft  covering  be  taken  off,  the 
tin  appears  with  all  its  brilliancy  ; but  foon  be- 
comes dull,  and  is  oxided  again.  Tin  gains  one- 
tenth  of  its  weight  by  this  calcination.  When 
the  oxide  is  white  it  is  then  called  Putty.  It  is 
this1  oxide  of  tin  which  the  makers  of  pewter 
fpoons,  who  ufually"  travel  over  the  country, 
call  the  Drofs  of  Tin.  They  are  very  careful  to 
fenny  the  metal  as-  often  as  poflible*  to  clear  it  of 
the  drofs  ; and  by  this  means  they  avoid  giving 
the  peafant  a*ny  more  of  his  old  pewte'r  than  that 
which  they  cannot  contrive  to  take  away  from 
him.  They  are  very  well  acquainted  with  the 
art  of  fufing  this  pretended  drofs  into  good 
tin,  by  hearing  it  in  contacd  with  charcoal. 

The  putty  of  tin  is  ufed  to  polifh  hard  bo- 
dies • and  to  render  glafs  opake,  which  con- 
verts it  into  enamel.  Tin  takes  fire  by  a vio- 
lent heat,  according  to  Geoffroy ; and  a white 
oxide  fublimes,  while  part  of  the  tin  is^  con- 
verted into  a glafs  of  an  hyacinthine  colour. 

If  tin  be  kept  in  fufion  in  a lined  crucible, 
and  the  furface  be  covered  with  a quantity  of 
charcoal  to  prevent  its  calcination,  the  metal 
becomes  whiter,  more  fonorous,  and  harder, 
provided  the  fire  be  kept  up  for  eight  or  ten 
hours. 

Tin,  and  feveral  other  metals,  may  acquire  a 

bril  - 
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brilliancy  they  do  not  ufually  poffefs,  by  pour- 
ing them  out  at  the  moment  before  they  would, 
congeal  in  the  crucible.  This  treatment  fecures 
them  from  the  oxidation  they  buffer  in  cooling, 
when  they  are  poured  out  too  hot ; and  by  this 
method,  which  is  very  fimple,  i have  procured 
to  tin  and  lead  a degree  of  brilliancy  which  they 
would  hardly  be  thought  capable  of  exhibiting. 

Tin,  diftilled  in  clofe  veffels,  affords  a white 
fublimate  in  the  neck  of  the  retort,  which  Mar- 
graff  took  for  arfenic ; but  Meffrs.  Bayen  and 
Charlard  have  proved  that  it  was  not  that  fub- 
ffance. 

The  action  of  acids  upon  tin  varies  accord- 
ing  to  the  degree  of  purity  of  the  metal. 

The  fulphuric  acid  of  commerce  diffolves 
tin,  by  the  afiiftance  of  heat ; but  part  of  the 
acid  is  decompofed,  and  flies  off  in  the  form  of 
very  penetrating  fulphureous  acid.  Water 
alone  precipitates  this  oxided  metal.  Mr.  Mon- 
net  has  obtained  cryftals  by  calcination,  which 
refemble  fine  needles,  interlaced  among  each 
other.  The  fulphuric  acid  diffolves  the  oxide 
of  tin  much  better. 

The  nitric  acid  devours  tin.  The  decompo- 
fition  of  this  folvent  is  fo  fpeedy,  that  the  me- 
tal is  feen  to  be  precipitated,  almofl  inftantly,  in 
a white  oxide.  If  this  acid  be  loaded  with  all 
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the  tin  it  is  capable  of  calcining,  and  the  oxide 
be  wafhed  with  a confiderable  quantity  of  dif- 
tillcd  water,  a fait  may  be  obtained  by  evapora- 
tion, which  detonates  alone  in  a crucible  well 
heated,  and  which  burns  with  a white  and  thick 
flame,  like  that  of  phofphorus.  The  nitrate  of 
tin,  diftilled  in  a retort,  fwells  up,  boils,  and 
fills  the  receiver  with  a white  and  thick  vapour, 
which  has  the  fmell  of  nitric  acid. 

Mr.  Bat  me  even  p-t;  ends  that  the  nitric  acid 
does  not  d if] ; he  tin;  but  Kunckel,  and  the 
famous  Rouelle,  have  maintained  the  contrary. 
Meffrs,  Bayen  and  Charlard  diffolved  five 
grains  in  two  grqs  of  pure  nitric  acid,  diluted 
with  four  gros  of  diflilled  water. 

The  muriatic  acid  diffolves  tin,  whether 
cold  or  heated.  During  the  effervefcence,  a 
very  fetid  gas  is  difengaged.  The  folution  is 
yellowifh,  and  affords  needle-form  cryflals  by 
evaporation,  which  attract  the  humidity  of  the 
air.  Mr.  Baume  prepared  this  fait  in  the  large 
way  for  the  callico  printers.  Out  of  twelve 
pounds  of  tin,  diffolved  in  forty-eight  pounds  of 
acid,  he  had  a refidue  of  two  ounces  fix  gros  of 
a grey  and  foluble  powder,  which  Margraff  had 
taken  for  arfenic.  Mr.  Baume  has  obferved 
that  the  cryfials  of  the  muriate  of  tin  differ 
according  to  the  Hate  of  the  acid.  He  obtained 

cryflals. 
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cryftals,  fimilar  to  thofe  of  the  fulphate  of 
foda,  in  needles,  or  in  fcalcs  like  thofe  of  the 
acid  of  borax.  Mr.  Monnet  aflerts  that  he  ob- 
tained, by  the  diftillation  of  a muriate  of  tin,  a 
fat  matter,  a true  butter  of  tin,  and  a liquor  re- 
fembling  that  of  Libavius. 

The , oxigenated  muriatic  acid  diffolves  tin 
fpeedily;  and  the. fait  which  it  produces  pof- 
feffes  all  the  characters  of  the  ordinary  muri- 
ate, according,  to  Mr.  De  Fourcroy. 

That  which  is  known  by  the  name  of  the 

Fuming  Liquor  of  Libavius,  appears  to  me  to 

be  a muriate  of  tin,  in  which  the  acid  is  in  the 

ilate  of  the  oxigenated.  muriatic  acid.  To  make 

this  preparation,  tin  is  amalgamated  with  one- 

fifth  of  mercury;  and  this  amalgam  in  powder 

is  mixed  with  an  equal  weight  of  corrofive 

iiiblimate.  The  w’hole  is  then  introduced  into 

a retort,  a receiver  adapted,  and  diftillation 

proceeded  upon  by  a gentle  heat.  An  infipid 

liquor  palfes  over  firft,  which  is  followed  by  a 

fudden  eruption  of  white  vapours,  which  con- 

denfe  into  a tranfparent  liquor,  that  emits  a con- 

iiderable  quantity  of  vapours  by  mere  cxpofure 

to  the  air.  The  relidue  in  the  retort,  for  an  ana- 

ivfis  of  which  we  are  indebted  to  Mr.  Rouclle 
* 

the  younger,  confifts  of  a flight  lining  in  the 
neck  of  the  retort,  which  contains  a frmll  quan- 
tity 
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tity  of  the  fuming  liquor.  Tome  muriate  of  tin, 
muriate  of  mercury,  and  running  mercury.  The 
bottom  of  the  veffel  contains  an  amalgam  of 
tin  and  mercury;  above  which  lies  a muriate 
of  tin  of  a grey  white,,  folid  and  compa<5t,  and 
which  may  be  volatilized  by  a ftrong  heat. 

The  nitro-muriatic  acid  diffoives  tfn  with 
vehemence;  a violent  heat  is  excited;  and  it 
frequently  happens  that  a magma  is  obtained 
refembling  pitch,  which  becomes  harder  in 
procefs  of  time.  This  happens  when  the  very 
concentrated  acid  has  diffolved  too  much  of 
the  metal;  and  thefe  inconveniences  may  be 
obviated  by  adding  water  in  proportion  as  the 
folution  proceeds. 

The  folution  of  tin,  which  conftitutes  the 
competition  for  fcarlet,  is  made  with  the  com- 
mon aqua  fortis,  prepared  with  faltpetre  of  the 
firft  boiling.  This  is  a kind  of  nitro-muriatic 
acid,  which  unfortunately  varies  in  its  proper- 
ties, according  to  the  too  variable  proportions 
of  muriate  of  foda  and  nitrate  of  pot-afh.  For 
this  reafon  the  dyers  are  continually  making 
complaints  either  that  the  aqua  fortis  precipi- 
tates, which  happens  when  it  contains  too  fmali 
a quantity  of  muriatic  acid  ; or  that  it  affords 
an  obfeure  colour,  which  depends  on  an  excefs 
of  the  fame  acid.  The  firff  inconvenience  is  re- 
medied. 
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medied  by  diffolving  fea  fait,  or  fal  ammoniac, 
in  the  aqua  fortis;  and  the  fecond  by  adding 
faltpetre. 

The  moft  accurate  proportions  to  make  a 
good  folvent  for  tin,  are,  two  parts  of  nitric 
acid,  and  one  of  muriatic  acid. 

Tin  is  likewife  foluble  in  the  vegetable  acids. 
Mr.  Schultz,  in  his  Differtation  De  Morte  in 
Olla , has  demonft rated  thefolubility  of  this  me- 
tal in  acids.  Vinegar  corrodes  it  by  a gentle 
heat,  according  to  the  experiments  of  MargrafF. 

Moft  of  the  tin  in  commerce  is  alloyed  with 
various  metals.  That  of  England  contains 
copper  and  arfenic  artificially,  according' to 
Geoffroy;  and  naturally,  according  to  the  Ba- 
ron Dietrich,  Sage,  &c.  The  tin  of  the  plumb- 
ers or  pewterers,  called  Pewter,  contains  feve- 
ral  metals.  The  ordonnance  in  France  per- 
mits them  to  add  a fmali  quantity  of  copper  and 
bifmuth.  The  firft  metal  renders  it  hard ; and 
the  latter  reftores  the  brightnefs  which  would 
elfe  have  been  impaired  by  the  copper,  and 
renders  it  more  fonorous.  The  pewterers  take 
upon  themfelves  to  add  antimony,  zinc,  and 
lead;  the  antimony  hardens  it,  the  zinc  renders 
it  whiter,  and  the  lead  diminifhes  its  value.  It 
is  a defirable  circumftance  to  pofTefs  the  means 
of  afcertaining  the  nature  and  proportions  of 
— . thefe 
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thefe  alloys.  We  are  indebted  for  the  following 
procefles  to  MelTrs.  Bayen  and  Charlard. 

A.  When  tin  contains  arfenic,  the  folution 
in  the  muriatic  acid  exhibits  a black  powder 
which  confifts  of  arfenic  feparated  from  the  tin. 
This  method  is  capable  of  rendering  the  two 
thoufand  and  forty-fecond  part  of  alloy  per- 
ceptible; 

B.  If  the  tin  contains  copper,  the  muriatic 
acid,  which  attacks  tin  with  facility,  precipi- 
tates the  copper  in  the  form  of  a grey  powder, 
provided  there  be  no  excefs  of  acid,  and  the  fo- 
lution be  made  without  heat.  The  copper  is 
likewife  precipitated  by  a plate  of  tin  im- 
merfed  in  the  folution. 

C.  Bifmuth  is  fhewn  by  the  fame  procefs  as 
the  copper. 

D.  To  afcertain  the  mixture  of  lead,  the 
nitric  acid  mu  ft  be  ufed,  w hich  corrodes  the 
tin,  and  diffolves  the  lead. 

The  pewterers  have  two  methods  of  allaying 
this  metal. 

1.  The  aftay  of  the  ftone,  w hich  confifts  in 
pouring  it  into  a hemifpherical  cavity  made  in 
a calcareous  ftone,  and  terminating  in  a chan- 
nel or  groove.  The  workman  attentively  ob- 
ferves  the  phenomena  of  its  cooling;  and  from 
thefe  circumftances,  as  well  as  from  the  crack- 

Voj..  II,  Y ling 
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ling  or  noife  which  the  tail  of  the  allay  affords 
when  bended,  he  judges  of  the  purity  of  the 
metal. 

2.  The  allay  by  the  ball  confifts  merely  in  a 
comparifon  of  the  weight  of  pure  tin  with  that 
of  adulterated  or  alloyed  tin,  poured  into  the 
fame  mould. 

It  cannot  but  be  immediately  perceived  that 
thefe  methods  are  very  imperfedt. 

The  various  metals  which  are  prejudicial  to 
health,  are  not  added  to  the  tin  in  a fufficiently 
great  proportion  to  produce  any  dangerous  ef- 
fects. It  feems  that  Margraaf  was  deceived  by 
fome  foreign  circumftance,  when  he  affirmed 
that  the  tin  of  Morlaix  contains  thirty-fix 
grains  of  arfenic  in  the  half  ounce ; for  this  quan- 
tity is  more  than  fufficient  to  render  the  metal 
as  brittle  as  zinc.  Mefirs.  Bayen  and  Charlard 
found  no  arfenic  in  the  tin  of  Banca  and  of 
Malacca.  The  tin  of  England  never  contains 
more  than  three-fourths  of  a grain  of  arfenic  in 
the  ounce  of  metal : and  fuppofing  this  to  be  the 
maximum,  the  daily  ufe  of  tin  cannot  be  dan- 
gerous ; fince  a plate  in  which  arfenic  exifted  in 
this  proportion,  loft  no  more  than  three  grains 
per  month  by  conftant  ufe,  which  amounts  to 
the  five  thoufand  feven  hundred  and  fixtiethpart 
of  a grain  of  arfenic  loft  daily.  The  experiments 

which 
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which  thefe  two  Ikilful  chemifts  have  made 
upon  animals,  by  mixing  arfenic  in  larger  pro- 
portions with  tin,  are  fufficient  to  remove  every 
apprenenfion  concerning  the  ufe  of  this  metal. 

The  lead  alone  fnay  be  productive  of  dan- 
gerous confequences*  becaufe  the  pewterers  add 
it  in  a very  confiderable  proportion. 

The  combination  of  tin  with  fulphur  forms 
aurum  mufivum,  or  mofaic  gold.  The  procefs 
for  making  it  which  has  befi:  fucceeded  in  my 
hands,  is  that  defcribed  by  the  Marquis  de 
Bouillon.  It  confifis  in  forming  an  amalgam 
of  eight  ounces  of  tin  and  eight  ounces  of  mer- 
cury. For  this  purpofe  a copper  mortar  is 
heated,  and  mercury  poured  into  it ; and  when 
it  has  acquired  a certain  degree  of  heat,  the 
melted  tin  is  poured  in,  and  the  mixture  agi- 
tated and  triturated  till  cold.  Six  ounces  of 
fulphur,  and  four  ounces  of  fal  ammoniac,  are 
then  mixed,  and  the  whole  put  into  a mattrafs, 
which  is  to  be  placed  on  a fand  bath,  and  heated 
to  fuch  a degree  as  to  caufe  a faint  ignition  in 
the  bottom  of  the  mattrafs.  The  fire  mull  be 
kept  up  for  three  hours.  The  aurum  mufivum 
thus  obtained  is  ufually  beautiful : but  if,  inftead 
of  placing  the  mattrafs  on  the  fand,  it  be  imme- 
diately expofed  upon  the  coals,  and  firongly 
and  fuddenly  heated,  the  mixture  will  take  fire, 
Y 2 and 
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and  a fublimate  will  be  formed  in  the;  neck  of 
the  veffcl,  which  confifts  of  the.moft  beau- 
tiful aurum  mufivum.  I have  obtained  it 
by  this  procefs  of  a dazzling  colour,  in  large 
hexagonal  feales. 

The  mercury  and  the  fal  ammoniac  are  not 
in  ftrictnefs  neceflary  to  the  produ&ion  of  au- 
rum mufivum.  Eight  ounces, of  tin  difiolved 
in  the  muriatic  acid,  precipitated  by  the  carbo- 
nate of  foda,  and  mixed  with  four  ounces  of 
fulphur,  produced  the  Marquis  of  Bouillon  a 
fine  aurum  mufivum : but  this  is  not  capable  of 
increafing  theeffeCls  of  the  eledtrical  machine; 
which  proves  that  the  compofition  owes  its  vir- 
tue in  that  refpedt  to  the  mercury  it  contains 
in  the  proportion  of  fix  to  one  when  prepared  in 
the  former  procefs.  This  preparation  is  ufed 
to  give  a beautiful  colour  to  bronze,  and  to  in- 
creafe  the  effedts  of  the  electrical  machine  by 
rubbing  the  cufhions. 

The  Baron  Kienmayer  has  deferibed  the  fol- 
lowing amalgam,  compofed  of  two  parts  of 
mercury,  one  of  zinc,  and  one  of  tin: — The 
zinc  and  the  tin  are  to  be  fufed,and  mixed  to- 
gether with  the  mercury  ; and  the  mixture  agi- 
tated in  a wooden  Yb°x>  internally  rubbed  with 
chalk.  The  mafs  is  then  to  be  reduced  to  a fine 
powder,  and  employed  in  that  ,ftate,  or  mixed 
1 __  ; with 
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with  greafc.  The  effect  of  this  amalgam  is  fur~ 
prifing;  for  by  this  means  the  power  of  elec- 
trical machines  is  inconceivably  augmented. 

The  amalgam  of  tin  is  capable  of  cryftalliza- 
tion.  Mr.  Sage’s  procefs  confifts  in  pouring 
two  ounces  of  melted  tin  into  a pound  of  mer- 
cury. After  having  introduced  this  mixture 
into  a retort,  he  urged  it  by  a violent  fire  for 
five  hours  on  the  fand  bath.  No  mercury  was 
difengaged  ; but  the  tin  was  found  in  a cryftal- 
lized  ffate  above  the  mercury,  which  had  not 
entered  into  combination.  The  lower  part  of 
this  amalgam  is  compofed  of  grey  brilliant 
cryftals  in  fquare  plates,  thin  towards  their 
edges,  leaving  polygonal  cavities  between  each. 
Every  ounce  of  tin  retains  in  its  cryfiallization 
three  ounces  of  mercury. 

The  amalgam  of  tin  is  ufed  to  filver  looking  - 
glaffes.  For  this  purpofe,  a leaf  of  tin  is  fpread 
out  upon  a table  of  the  lize  of  the  glafs,  mer- 
cury is  poured  upon  it,  and  fpread  about  with 
a brufh.  This  being  done,  a larger  quantity  of 
mercury  is  poured  upon  the  tin,  fo  as  to  form 
a covering  of  .more  than  one  line  in  thicknefs. 
The  glafs  is  Aided  upon  this  covering,  by  pre- 
fenting  one  of  its  edges ; taking  care  at'  the  fame 
time  that  its  furface  fhall  be  beneath  the  level 
of  the  mercury,  in  order  that  the  impurities 

which 
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which  might  hinder  a perfedt  contadl  may  be 
driven  before  it.  The  plate  of  glafs  is  then 
loaded  with  weights  equally  diftributed  over  its 
whole  furface ; by  which  means  all  the  excefs 
ofmercury  is  prelfed'out,  and  flows  away  through 
channels  made  in  the  edges  of  the  table.  The 
air  being  driven  out  from  between  the  amalgam 
of  tin  and  the  glafs  by  this  flrong  compreflion, 
ferves  greatly  to  render  the  amalgam  adherent. 
Several  days  are  required  to  elapfe  before  it  be 
fufficiently  dry  to  admit  of  removing  the  glafs. 

Tin  alloyed  with  copper  forms  bronze,  or 
bell-metal.  Seven  parts  of  bifmuth,  five  of 
lead,  and  three  of  tin,  form  an  alloy  which  li- 
quefies in  boiling  water. 


C H A P.  X. 

Concerning  Iron. 

IRON  is  the  mofl  generally  diflfufed  metal 
in  nature,  Almoft  every  mineral  fubflance 
of  this  globe  is  coloured  with  it ; and  its  various 
alterations  produce  that  truly  afloniihing  va- 
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ricty  of  colours,  which  are  comprehended  be- 
tween the  blue  and  the  deeped  red.  This  me- 
tal likewife  exids  in  the  vegetable  kingdom, 
where  it  conditutes  an  almoft  infeparable  prin- 
ciple. It  even  appears  to  be  one  of  the  pro- 
ducts of  organization,  or  vegetation;  for  it  is 
found  in  vegetables  which  are  fupported  merely 
by  air  or  w7ater.  It  is  indeed  contrary  to  found 
philofophy  to  fuppofe  that  all  the  iron  with 
which  earths  are  impregnated,  mud  arife  from 
the  wearing  of  ploughfhares  ; for,  not  to  men- 
tion that  the  plough  has  not  palled  every  where, 
we  fee  iron  daily  formed  in  vegetables.  There 
is  no  reafon  to  fear  that  the  metal  Ihould  on 
this  account  become  too  abundant;  becaufe  it 
is  continually  deftroyed  by  palling  to  the  date 
of  oxide. 

If,  on  the  other  hand,  we  call  our  attention 
towards  the  infinite  number  of  ufes  to  which 
this  metal  is  applied  in  fociety,  we  fhall  per^ 
ceive  that  it  is  perhaps  the  moll  efiential  to  he 
known,  becaufe  it  is  the  mod  difFufed,  the  mod 
ufeful,  and  the  moll  employed. 

This  metal  is  of  a white  livid  colour,  inclin- 
ing  to  grey,  obedient  to  the  magnet,  and  gives 
fire  with  quartz;  which  lad  circumdance  is  at, 
tributed  to  the  fufion  and  rapid  combudion  of 

particles 
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particles  of  the  metal  detached  by  the  ftroke. 
It  is  the  lighted  of  a! I metals  except  tin.  One 
cubic  foot  of  forged  iron  weighs  five  hundred 
and  forty-five  pounds.  The  fp'ecific  'gravity  of 
fufed  iron  is  7,2070. — See  Brifion. 

Iron  is  very  hard,  fiifceptible  of  a finepolifh, 
and  very  difficult  of  fufion.  It  may  be  drawn 
Into  very  fine  wire,  of  which  the  firing's  of  the 
harpfichord  are  made.  It  become  S'  hard  by 
hammering,  without  heat ; but  when  affifted 
by  heat,  it  may  be  hammered  into  every  ima- 
ginable form. 

Iron  is  univerfally  difperfed ; but,  by  cbm- 
mon  confent,  thofe  places,  or  matrices,  in  which 
the  iron  is  fufficiently  abundant  to  be  wrbught 
with  profit,  are  called  Iron  Mines,  or  Ores. 

Iron  is  found  native*  without  mixture,  in  fe- 
veral  places.  We  fiiali  not  here  mention  thofe 
ridiculous  afiertions,  which  have  no  other  merit 
that  that  of  having  been  authorized  by  the  fuf- 
frages  of  certain  celebrated  nlen. — <f  AlbEr- 
tus  Magnus  decidiffe  coelo,  imbre,  mafia  m 
ferri  c.entum  librarum.  Petermannus , rriagna 
tempefiate,  cum  projectu  multorum  lapidum, 
ccelo  molem  ferri  decidifTe,  quae  in  longitudine 
fexdecim,  in  Iatitudine  quindecim,  in  craffitie 
duos,  pedes  habuerit  that  is,  of  the  weight 

of 
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of  forty-eight  thoufand  pounds,  and  containing 
four  hundred  and  eighty  cubic  feet. — Beoher 
Supplem.  in  Phyf.  Subter.  cap.  iii.  p.  599. 

We  are  indebted  to  Lehman  for  a deferin- 

JL 

tion  of  a piece  of  native  iron  pofTelTed  by  Mar>- 
graaf,  which  camefirorn  Eibenifock  in  Saxony. 
The  grain  was  diftinguifhable  on  both  tides. 

Henckel  poffeffed  a Email  piece  in  cru  lied 
with  a yellow  earth;  and  the  cabinet  of  the 
Royal  School  of  Mines  pofieffes  one  which  is 
covered  with  fpathofC  iron  ore.  AdanfoO  and 
Wallerius  affirm  !that  it  is  found  in  Senegal; 
arid  Rouelle  received  apiece  frorti  thence  which 
was  very  malleable.  Simon  Pallas  fpeaks  of  a 
mafs  of  native  iron  found  near  the  great  river 
Jenefe'i  in  Siberia.  This  iron  is  very  fpongy, 
very  pure,  perfectly  flexible,  and  proper  to  be 
formed  iftto  ihftruvnents  by  a moderate  fire.  It 
is  naturally  intruded  with  a kind  of  varnifli 
which  preferves  it  from  rufh 

Mr.  Macquart  doubts  the  legitimacy  of  the 
native  iron,  deferibed  by  Pallas  : he  thinks 
that  it  may  be  considered  as  fufed  iron.  Mr. 
De  Morveau  does  not  believe  in  the  exigence 
of  native  iron. 

Though  fbme  doubts  may  be  raifed  concern- 
ing the  legitimacy  of  thefe  pieces,  and  there  may 
be  reafons  to  eoftfider  fome  of  them  as  confe- 
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quences  of  the  adion  of  fire,  we  cannot  how- 
ever refufe  to  admit  of  the  exigence  of  native 
iron,  after  the  depofitions,  fads,  and  attefla, 
tions  which  prefent  themfelves  on  all  Tides  in 
fupport  of  this  truth. 

• Iron,  flowly  cooled,  cryftallizes  in  octahedrons 
almofl:  always  implanted  one  in  the  other.  Wc 
are  indebted  to  Mr.  Grignon  for  this  obferva- 
tion.  I am  in  pofTefiion  of  a piece  of  iron  en- 
tirely covered  with  fmall  tetrahedral,  fiat,  and 
truncated  pyramids.  Some  of  the  pyramids 
have  a bafe  of  one  line  in  breadth.  It  comes 
from  the^frontiers  of  the  Comte  de  Foix.  This 
iron  is  very  feldom  found  unaltered  by  foreign 
admixtures  i but  I think  we  may  confider  all 
the  iron  ores  which  are  attraded  by  the  magnet, 
as  containing  the  nativejmetal,  difperfed  in  fome 
gangue;  and  we  fhall  attend  to  thefe  fpecies  be- 
fore we  treat  of  the  oxides  and  martial  falts. 


ARTICLE  I. 

Concerning  Iron  Ores  which  are  attracted  by 
the  Magnet. 

l.  The  odahedral  iron  ore. — This  ore  has 
the  form  of  octahedrons,  ifolated,  and  difperfed 
in  a gangue  of  fchiftus,  or  calcareous  done. 

The 
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The  cry  ftals  are  grey,  very  regular  in  their  form, 
and  ftrongly  bedded  in  the  (lone.  Their  fize  is 
from  half  a line  to  fix  or  feven  in  diameter. 
Corfica  and  Sweden  afford  this  kind. 

Mr.  Sageobferves  that  octahedral  cryftal-sof 
iron  are  fometimes  found  in  the  fineft  white 
marble  of  Carara.  The  black  ferruginous  fand 
which  accompanies  the  hyacinths  in  the  brook 
of  Expailly,  is  an  octahedral  iron  ore,  obedient 
to  the  magnet. 

2.  Iron  ore  in  fmall  plates  or  fcales. — The 
fmail  plates  or  fcales  w'hich  are  attracted  by  the 
magnet,  and  are  found  in  moft  rivers  which  con- 
tain gold,  arc  an  iron  ore,  nearly  in  the  metallic 
ftate.  This  fand  forms  the  refidue  which  is 
left  after  the  precious  metal  has  been  taken  up 
by  amalgamation.  It  is  mixed  with  fragments 
of  quartz,  garnets,  &c.  I found  a large  quantity 
in  the  fand  of  the  river  of  Ceze : it  was  alfo  fent 
me  from  the  neighbourhood  of  Nantz.  I have 
received  fome  likewife  from  Spain ; and  this 
fand  has  afforded  me  certain  phenomena  which 
appear  to  entitle  it  to  a particular  rank  among 
the  metals.  Acids  diffolve  it  by  the  aUiftance 
of  heat;  and  always  without  effervefcence,  or 
the  difengagement  of  gas.  It  communicates 
the  fame  colour  to  the  nitro-muriatic  acid  as 

platina 
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platina  does.  It  is  indecompofable  by  heat, 
either  in  the  open  fire,  or  in  open  vefiels.  I 
have  endeavoured  to  reduce  it  by  all  the  known 
fluxes,  but  in  vain.  It  precipitates  in  the  flux, 
mixes  with  it,  and  recovers  its  form  and  magne- 
tic virtue  by  pulverizing  the  mafs.  • It  poffeffes 
Several  .character's  of  the  fiderotete*  or  phof- 
phate  ©f  iron. 

. 3.  Iron  difperfed  in  ftones  renders  Xhem  obe- 
dient to  the  magnet.  The  ophites,  theifeXpen- 
tines>  the  micas,  the  pot-ftones,  and.  Several 
marbles*  are  in  this  fituatiori.  Iron  difieminated 
-in  a gangue  of  quartz,  or  very  hard  jafper, 
'forms  emery,  which  on  account  of  its  hardnefs 
is  ufied  to  grind  and  polifii  glaf$.  It  comes  to 
'us  from  Jerfey  and  Guernfe,y,  where  it  is  plen- 
tifully fdmid. 

The  magnet  itfelf  is  nothing  ellje  but  the  iron 
we  fpeak  of,  modified  in  fucha  manner  as  to  af- 
ford & paifage'to  the  magnetic  fluid,,  apd  to  exhi- 
bit the  known  phenomena’.  The  magnet  is.fome- 
times  found  in  a regular  , form.  Mr. 'Sage  affirms 
that; he  pofTeiresa.frnall  piece  of  magnet  from  St. 
Domingo, on  which  oiffahedronsaredifiinguifh-  ] 
able.  We  Like  wife  read,  in  the  General  Hiftory 
of  Voyages,  that  at  twenty, leagues  from,Soli- 
kamfkai  in  Siberia  magnets  are  found  of  a 

cubical 
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cubical  farm  and  greenifh  colour,  of  a lively 
brilliant  appearance,  which  are  reducible  into 
glittering  fcales  by  pulverizing. 

The  magnet  varies  in  its  quantity  of  metal. 
Thofe  of  Sweden  and  Siberia  are  very  rich  in 
iron;  but  the  magnetic  force  is  notin  propor- 
tion to  the  iron  they  contain. 

There  is  reafon  to  think  that  the  magnetic 
agent  is  a modification  of  the  ele&ric  power. 
1.  Iron  which  remains  a long  time  in  an  ele- 
vated pofition  becomes  magnetic.  2.  Inftru- 
ments  of  iron  (truck  with  lightning  are  ufually 
magnetized.  3.  Two  pieces  of  iron  may  be 
pnagnetized  by  rubbing  them  againB  each  other 
in  the  fame  direction.  4.  Black  iron  ores  are 
found  in  Sweden  which  are  attracted  by  the 
magnet,  and  whofe  metallic  particles  are  fome- 
times  fo  weakly  conneded  together  that  thjsy 
are  reducible  into  powder.  We  have  feveral 
fpecies  of  thefe  ores  in  Languedoc. 

This  fpecies  is  in  general  very  rich,  and  af- 
fords near  eighty  pounds  of  iron  per  quintal* 
5.  Iron  appears  to  exiB  in  the  metallic  flats 
in  fome  other  fpecies,  fuch  as  the  fpecular  iron 
ore.  But  the  metallic  Bate  is  lefs  evident  and 
charadleriBic,  the  metallic  qualities  being  more 
changed ; and  thefe  ores  are  lefs  attracted  by 
the  magnet. 
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Thefe  iron  ores  frequently  exhibit  metallic 
plates  of  a brilliancy  equal  to  that  of  fteel,  and 
unalterable  in  the  air.  The  ore  of  Mont  d’Or, 
that  of  Framont  in  the  principality  of  Salm, 
and  thofe  of  the  mountains  of  Vofges,  have 
afforded  us  very  curious  fpecimens.  Thefe 
plates  are  fometimes  hexagonal,  formed  by  two 
hexahedral  pyramids  truncated  near  their  bafe. 

The  fpecular  iron  ore  of  Framont  afforded 
Mr.  Sage  fifty-two  pounds  of  iron  in  the  quin- 
tal ; the  iron  is  very  ductile,  and  acquires  much 
fibre. 

The  celebrated  iron  ore  of  the  ifland  of  Elbe 
is  of  this  kind,  but  it  has  not  the  plated  form. 
Its  cryftals  are  lenticular,  with  brilliant  facets, 
which  are  dodecahedrons  with  triangular  planes. 
Thefe  beautiful  groupes  of  cryftals  are  fome- 
times {haded  with  the  moft  lively  colours. 
White  clay,  rock  cryftal,  cupreous  pyrites,  &c. 
are  found  among  them. 

The  Lucquefe  work  this  ore  in  the  Cata- 
lan method,  by  {{ratifying  charcoal  and  the 
ore,  one  layer  over  the  other.  The  fire  is  kept 
tip  by  good  bellows ; and  when  all  the  coal  is 
confumed,  the  iron  is  found  colle&ed  together 
in  a mafs,  which  is  carried  to  the  hammer. 

The  eifenman  is  a fcaly  fpecular  ore.  When 
it  is  rubbed,  brilliant  particles  are  detached  from 

it; 
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it;  which  has  caufed  the  miners  of  Dauphiny 
to  give  it  the  name  of  Luifard. 

The  eifenram  is  an  iron  ore  of  a brilliant  red 
colour,  which  contains  plumbago  and  iron. 

ARTICLE  II. 

Concerning  Sulphureous  Iron  Ores,  or  the 
Sulphures  of  Iron. 

The  union  or  combination  of  iron  and  ful- 
phur  forms  the  fulphureous  iron  ore,  martial 
pyrites,  fulphure  of  iron,  &c.  Thefc  fulphures 
are  very  abundant,  and  are  evidently  formed 
by  the  decompofition  of  vegetables.  I have 
feveral  times  found  pieces  of  wood  buried  in 
the  earth  perfectly  incrufted  with  pyrites.  The 
effedt  of  fubterraneous  fires  is  owing  only  to 
the  mixture  of  thefe  fulphures  with  the  remains 
of  vegetables.  Thofe  fpecies  of  coal  which 
efflorefce  in  the  air,  owe  their  decompofi- 
tion only  to  the  pyrites  with  which  they  are 
penetrated.  It  is  likewife  to  the  decompofition 
of  the  pyrites  that  we  muff  refer  the  heat  of 
moft  mineral  waters.  The  fulphure  of  iron 
fometimes  cryftalliZes  in  cubes,  and  often  in 
octahedrons.  The  union  of  a number  of  octa- 
hedral 
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hedral  pyramids  with  their  paints  towards  a 
common  centre,  forms  the  globular  pyrites. 

When  the  fulphur  is  dilfipated,  it  fometimes 
happens  that  the  pyrites  iofes  neither  its  form 
nor  its  weight.  It  then  becomes  brown,  is 
attracted  by  the  magnet,  and  is  called  the  Brown 
or  Hepatic  Iron  Ore. — See  De  Lifle. 

But  the  decompofition  of  pyrites  moil:  com- 
monly produces  the  fulphuric  acid,  which  feizes 
the  iron,  diffolves  it,  and  forms  an  efflorefcence 
on  the  furface.  Ad  vantage  has  even  been  taken 
of  this  property  of  the  pyrites  to  eftablifh  ma- 
nufactories of  fulphate  of  iron,  or  copperas. 
The  two  valuable  eftablifhments  which  have 
been  made  of  this  kind,  in  the  vicinity  of 
Alais,  work  certain  ftrata  of  a hard  ponderous 
pyrites.  Thefe  are  formed  into  heaps  upon 
areas,  where  the  ground  is  -flightly  inclined. 
The  efflorefcence  is  accelerated  by  watering  the 
pyrites,  grofsly  broken,  with  w'ater.  This  fluid 
diffolves  all  the  fair  which  is  formed,  and  carries 
k into  refervoirs,  where  the  folution  fuffers 
all  the  foreign  matters  it  may  contain  to  fubflde. 
It  is  left  at  reft  in  thefe  refervoirs,  in  which  the 
fun  produces  a ft  ight  concentration  of  the  fluid; 
and  the  concluding  evaporation  is  made  in 
leaden  cauldrons,  with  the  addition  of  old  iron, 
to  fat  urate  the  acid  with  as  much  of  that  metal 
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as  poftible.  The  cryftallization  is  performed 
in  bafons,  in  which  pieces  of  wood  are  difpofed 
to  afiift  the  formation  of  cryftals.  Thefe  two 
manufactories  in  Languedoc  are  capable,  in 
their  prefent  ftate,  of  furnifhing  upwards  of 
forty  thoufand  quintals  of  copperas,  if  the  de- 
mand required  it. 

In  order  to  facilitate  the  vitriolization,  it  is 
neceffary  to  give  accefs  to  the  air.  becaufe  the 
concurrence  of  this  element  is  neceffary  to  form 
the  fulphuric  acid. 

The  fulphure  of  iron  cryftallizes  in  rhom- 
boids. 

It  efflorefces  in  the  air,  and  gradually  lofes 
its  fine  green  colour  by  the  diflipation  of  its 
water  of  cryftaliization. 

If  the  fulphate  of  iron  be  expofed  to  heat,  it 
liquefies,  boils,  becomes  thick,  and  is  reduced 
into  powder.  This  powder,  mixed  with  pulve- 
rized nut  galls,  forms  a dry  ink,  which  feveral 
perfons  fell  as  a fccret,  and  which  requires  only 
the  addition  of  water  to  render  it  fit  for  ufe. 

The  fame  powder,  urged  by  a ftronger  heat, 
fuffers  its  acid  to  efcape;  after  which  there  re- 
mains only  a martial  earth,  or  metallic  oxide, 
known  by  the  name  of  Colcothar. 

I attribute  the  formation  of  all  the  yellow  or 
red  earths,  commonly  called  ochres,  toafimilar 
Voi.  II.  Z decom- 
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decompofition  of  the  pyrites.  The  heat  pro- 
duced by  thedecompofitionofthepyriteshasde- 
termined  the  refpective  colours  of  thefe  earths  ; 
and  they  may  be  caufed  to  pafs  artificially 
through  thefe  various  {hades,  by  treating  them 
with  various  degrees  of  fire.  I have  difeovered, 
in  thediocefe  of  Uzes,  banks  of  ochre  of  fuch 
an  uncommon  finenefs,  and  fo  very  pure,  that 
calcination  converts  it  into  a brown  red,  fu- 
perior  to  every  thing  before  known  in  trade. 
The  manufactory  which  has  been  eftablifhed 
under  my  care,  has  acquired  all  the  celebrity 
w hich  the  fuperiority  of  its  products  could  not 
but  neceffarily  afford  it.  My  experiments  on 
thefe  ochres,  and  the  advantages  w'hich  they 
may  afford  to  the  arts,  may  be  feen  in  the  wrork 
which  I have  publifhed  on  this  fubjedt,  printed 
for  Didot  the  elder,  at  Paris. 

I likewife  found  at  Mas-Dieu,  near  Alais,  a 
ftratum  of  red  ochre  of  fo  beautiful  a colour, 
that  it  could  fcarcelv  be  imitated. 
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' ARTICLE  III. 

Concerning  the  Spathofe  Iron  Ores,  or  Car- 
bonates of  Iron. 

The  carbonic  acid  is  fometimes  combined 
with  iron  in  ores  ; and  the  refemblance  between 
this  iron  and  fpar,  has  procured  it  the  name  of 
the  Spathofe  Iron  Ore. 

The  formation  of  this  ore  appears  to  be  ow- 
ing to  the  mutual  decompofition  of  the  carbo- 
nates of  lime,  and  the  fulphates  of  iron.  A 
folution  of  copperas,  in  which  calcareous  fpar 
\vas  fuffered  to  remain,  produced  this  ore,  ac- 
cording to  the  experiments  of  Mr.  Sage. 

Bergmann  obtained  from  the  ores  of  this 
kind,  which  he  analyfed,  thirty-eight  ounces  of 
the  oxide  of  iron,  twenty-four  ounces  of  the 
oxide  of  manganefe,  and  fifty  ounces  of  calca- 
reous earth.  It  appears  therefore  that  this  ore 
contains  two  metals  united  by  a calcareous  ce- 
ment, which  cryffallizes  always  in  its  own  form, 
as  we  find  in  the  lapis  caiaminaris,  the  calcare- 
ous grit,  &c. 

The  fpathofe  iron  ores  are  wrought  at  Caf- 
caftel,  in  the  diocefe  of  Narbonne,  at  Bendorf 
Z 2 on 
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on  the  banks  of  the  Rhine,  at  Eifenartz  in 
Styria,  &c. 


ARTICLE  IV. 

Concerning  the  Bog  Ores  of  Iron,  or  Argilla- 
ceous Iron  Ores. 

Thefe  ores  confid  merely  of  a martial  oxide, 
in  a date  of  greater  or  lefs  purity,  mixed  with 
earthy  fubdances  of  the  nature  of  clays. 

They  appear  to  have  been  depodted  by  wa- 
ter ; and  are  ufually  difpofed  in  drata,  which  are 
frequently  marked  out,  and  as  it  were  feparated, 
into  fmall  prifms,  whofe  formation  arifes  limply 
from  the  Ihrinking  of  the  clay. 

i.  The  eagle-done,  or  aetites,  ought  to  be 
ranked  among  the  bog  ores  of  iron.  They  arc 
geodes  of  a round  or  oval  form,  having  a hard 
external  covering,  while  the  cavity  includes  a 
detached  nodule  ; and  the  noife  produced  by 
fhaking  one  of  thefe  ftones,  arifes  from  the  no- 
dule being  at  liberty  to  move  within  the  done. 

The  name  of  eagle-done  has  arifen  from  a no- 
tion, formerly  entertained,  that  eagles  placed 
it  in  their  neds  to  facilitate  the  laying  of  their 
eggs ; and  wonderful  powers  of  rendering  la- 
bours 
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hours  fafe  and  eafy,  were  attributed  to  it  in  the 
times  of  fuperftition. 

2.  We  are  acquainted  with  an  iron  ore  in 
round  pieces,  refembling  bullets,  of  feveral 
lines  in  diameter,  which  ought  to  be  confidered 
as  a variety  of  the  preceding.  An  ore  of  this 
kind  was  begun  to  be  wrought  at  Fontanez, 
near  Sommieres ; and  we  find  a confiderable 
quantity  of  thefe  metallic  globules  among  our 
red  earths  in  the  neighbourhood  of  Montpellier. 

3.  The  pureft  oxide  of  iron,  worn  and  car- 
ried along  by  waters,  and  afterwards  depofited, 
forms  ftrata  of  various  appearances  and  colours. 
Thefe  are  called  haematites. 

The  colours  arife  from  the  various  degrees  of 
alteration  in  the  oxide.  They  vary  from  yel- 
low to  the  deepeft  red.  The  red  haematites  is 
ufed  in  the  arts  to  burnifh  gold  or  filver.  It 
is  cut  into  long  pieces,  which  when  polifhed 
are  known  by  the  name  of  burnifhers.  This 
bloodftone  is  fometimes  foft  enough  to  be  ufed 
inftead  of  a crayon  for  drawing. 

Its  figure  is  likewife  fubject  to  prodigious 
variation.  It  often  appears  as  if  compofed  of 
fmall  prifms  applied  one  againft  the  other,  in 
which  cafe  it  is  called  the  fibrous  haematites. 
In  other  fpecimens  it  is  tuberculated.  It  is  very 
frequently  found  in  compact  irregular  maffes, 
\ fuch 
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fuch  as  thofe  of  the  ores  of  the  county  of  Foix, 
This  mud  naturally  exhibit  the  fame  variety 
of  forms  as  the  calcareous  flalatftites,  becaufe  its 
mode  of  formation  is  nearly  the  fame. 

ARTICLE  V. 

' <>  a:  i:  i. 

Concerning  Native  Pruflian  Blue,  or  the  Pruf- 
fiate  of  Iron. 

. 

. ! "P 

Becher  fpeaks  of  a blue  earth  found  at  Tu- 
ringe.  Henckel  informs  us  that  blue  martial 
earth  is  found  at  Schneeburg  and  at  Eibenftock. 
Cronftedt  has  defcribed  a native  Pruflian  blue  : 
Mr.  Sage  found  it  in  the  turf  of  Picardy.  It  is 
likevvife  found  in  Scotland*  in  Siberia.  See. 
and  I poflefs  a fulphure  of  iron  in  a Bate  of 
decompolirion,  which  exhibits  a true  prufliate. 
of  iron  upon  one  of  its  furfaces. 

ARTICLE  VI. 

. , . . , » . 1 ' ' • -»  l|f  ' . ~ 

Concerning  Plumbago,  or  the  Carbure  of  Iron. 

ik.fr 

The  name  of  plumbago  is  at  prefent  confihfed 
to  that  fhining  fubftance  of  a blackifh  blue  co- 
lour, which  is  ufed  to  make  the  pencils  called 

black- 
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black-lead  pencils.  It  has  a greafy  feel,  exhi- 
bits a tuberculated  fra&ure,  foils  the  hands, 
and  leaves  a black  trace  upon  paper. 

Plumbago  is’ found  in  many  places:  that  of 
commerce  is  brought  to  us  from  Germany. 
We  receive  it  likewife  from  Spain,  from  Ame- 
rica, and  from  England.  It  is  alfo  found  in 
France.  This  mineral  is  almoft  always  dif- 
pofed  in  feparate  mafies  in  the  bowels  of  the 
earth ; and  it  is  probably  on  account  of  this 
form,  that  the  ancients  denoted  it  by  the  words 
Glebae  Plumbariae. 

The  plumbago  of  England  differs  from  the 
other  fpecimens  in  its  texture,  which  is  much 
finer,  and  of  a greater  degree  of  brilliancy.  The 
Englifh  do  not  take  a larger  quantity  out  of 
the  mine  than  the  market  demands,  in  which 
they  are  careful  to  keep  up  the  price., 

The  mod  plentiful  mine  is  in  the  county  of 
Cumberland. 

The  plumbago  of  Spain  is  always  accom- 
panied with  pyrites,  which  efftorefee  on  the 
furface  of  the  pieces;  either  in  fmall  cry  ft  a Is, 
fimilar  to  thofeof  the  fulphate  of  iron  ; or  in  a 
kind  of  ftlky  vegetation,  analogous  to  that  of 
plume  alum.  It  is  dug  up  in  the  neighbour- 
hood of  the  town  of  Ronda,  at  the  diftance  of 
four  leagues  from  the  Mediterranean  fea.  It  is 

the 
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the  word  kind  which  comes  to  market,  and  is 
ufed  only  to  give  a fhining  black  colour  to  iron 
utenfils. 

The  American  plumbago,  which  Mr.  Woulfe 
procured  for  Mr.  Pelletier,  breaks  eafily,  and 
exhibits  fmall  quartzofe  grains  in  its  internal 
part,  as  well  as  flight  traces  of  a whitifh  clay. 
It  is  found  in  feparate  maifes;  and  its  texture 
appears  to  confift  of  the  union  of  an  infinity  of 
fmall  fcaly  parts,  which  at  firft  fight  might 
caufe  it  to  be  taken  for  molybdena. 

France  likewife  poirdfes  plumbago,  and  the 
chevalier  Lamanon  obferved  it  in  Upper  Pro- 
vence. The  mine  is  fituated  near  Col  de 
Bieoux.  The  black  lead  is  found  between  two 
ftrata  of  clay,  not  more  than  a few  lines  in 
thicknefs.  It  forms  a ftratum  of  four  inches 
thick;  or  rather  the  ftratum  confifts  of  fepa- 
rate mafles,  which  are  fometimes  feveral  feet 
in  length.  It  is  accompanied  by  a vein  of 
pyrites.  The  inhabitants  of  Bieoux  fell  this 
produdt  at  Marfeilles  at  about  fifteen  livres  per 
quintal.  Mr.  De  la  Peyroufe  found  plumbago 
with  tourmalines  in  the  county  of  Foix,  and 
Mr.  Darcet  brought  it  from  the  Pyrenean 
Mountains. 

Plumbago  is  indeftrucftible  by  heat  without 
the  prefence  of  air.  Mr.  Pelletier  expofed  it 

to 
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to  diftillation,  in  the  pneumato-chemical  appa- 
ratus, by  a violent  fire  during  fix  hours,without 
the  plumbago  having  loft  weight,  or  fuffered 
any  other  change.  He  expofed  two  hundred 
grains  in  a well-clofed  porcelain  crucible  to 
the  fire  of  the  manufactory  at  Seves,  and  it  loft 
only  ten  grains.  But  when  it  is  calcined  with 
the  concurrence  of  air,  it  then  burns,  and  leaves 
but  a fmall  quantity  of  refidue.  Meftrs.  Quift, 
Gahn,  and  Hielm  obferved  that  one  hundred 
grains,  treated  under  a muffle  in  a fhallow  vefiel, 
left  only  ten  grains  of  oxide  of  iron.  Mr.  Fa- 
broni  diftipated  the  whole  of  a portion  of  plum- 
bago expofed  under  the  muffle.  This  calcina- 
tion is  a flow  combuftion,  which  is  facilitated 
by  caufing  the  matter  to  prefent  a large  fur- 
face,  and  agitating  it  from  time  to  time. 

If  one  part  of  plumbago,  and  two  of  very 
cauftic  dry  alkali,  be  heated  in  a retort  with 
the  pneumato-chemical  apparatus,  the  alkali 
becomes  effervefcent,  hydrogenous  gas  is  ob- 
tained, and  the  plumbago  difappears.  This 
beautiful  experiment  proves  that  the  fmall 
quantity  of  water  contained  in  the  fa.lt  is  de- 
compofed  ; and  that  its  oxigene,  by  combining 
with  the  carbone  of  the  plumbago,  forms  the 
carbonic  acid.  The  experiment  publifhed  by 

Scheele 
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Scheele  has  been  repeated  ai>d  confirmed  by 
Mr.  Pelletier. 

The  fulphuric  acid  does  not  a cl  upon  plum- 
bago, according  to  Scheelc.  Mr.  Pelletier  has 
obferved  that  one  hundred  grains  of  plumbago, 
and  four  ounces  of  oil  of  vitriol,  being  digefted 
in  the  cold  for  fey  era!  months,  the  acid  acquired 
a green  colour,  and  the  property  of  congealing 
by  a very. fijght  degree  of  cold.  The  fulphuric 
acid  diddled  from  plumbago,  paffes  to  the  flare 
of  the  fulphureous  acid;  and  at  the  fame  time 
that  carbonic  acid  i$  obtained,  and  an  oxide  of 
iron  is  left  in  the  retort. 

The  nitric  acid  has  no  aclion  upon  plum- 
bago, unlefs  it  Ee  impure.  Eight  ounces,  of 
nitric  acid,  diflilled  from  half  a gros  of  purified 
plumbago,  neither  altered  its  fhining  appear- 
ance, nor  deprived  it  of  its  upcluous  feel. 

The  muriatic  acid  di Solves  the  iron1  and 
the  clay  which  contaminate  native  plumbago. 
Melirs.  Berthollet  and  Scheele  availed  them- 
feives  of  this  method  to  purify  it.  The  liquor 
being  decanted  after  digeflion  upon  the  plum- 
bago, the  refidae  is  then  wafhed,  and  fubmitted 
to  diflillation  to  feparate  the  fulphur.  The 
muriatic  acid  alone  has  no  a<5lion  upon  plum- 
bago, but  the  oxigenated  muriatic  acid  dif- 

folves 
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folves  it ; the  refult  being  a true  combuftion 
effected  by  the  oxigene  of  the  acid,  and  the 
carbone  of  the  plumbago. 

If  ten  parts  of  the  nitrate  of  pot-afh  be  fufed 
in  a crucible,  and  one  part  of  plumbago  be 
thrown  thereon  by  a little  at  a time,  the  fait 
will  deflagrate,  and  the  plumbago  will  be  de- 
flroyed.  The  matter  which  remains  in  the  cru^ 
cible  confifts  of  very  effervefcent  alkali,  and  a 
final  1 portion  of  martial  ochre. 

If  plumbago  be  diftilled  with  muriate  of  am- 
moniac, the  muriate  fublimes,  coloured  by  the 
iron. 

All  thefe  facts  prove  that  plumbago  is  a 
peculiar  combuftible  fubftance,  a true  charcoal 
combined  with  a martial  bafis.  Plumbago  is 
more  common  than  is  imagined.  The  brilliant 
charcoal  of  certain  vegetable  fubftances,  more 
efpecially  when  formed  by  diftillation  in  clofe 
Yeflels,  poffeffesall  the  characters  of  plumbago. 
The  charcoal  of  animal  fubftances  poffeffes  cha- 
racters ftill  more  peculiarly  refembling  it.  Like 
it  they  are  difficult  to  incinerate,  they  leave  the 
fame  impreffion  on  the  hands  and  upon  pa- 
per ; they  likewife  contain  iron,  and  become 
converted  into  carbonic  acid  by  combuftion. 
When  animal  fubftances  are  diftilled  byaftrong 
fire,  a very  fine  powder  fublimes,  which  at- 
taches 
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laches  itfelf  to  the  inner  part  of  the  neck  of  the 
retort.  This  fubftance  may  be  made  into  ex- 
cellent black  lead  pencils,  as  1 myfelf  have 
proved. 

Carbone  may  be  formed  in  the  earth  by  the 
decompofition  of  wood  together  with  pyrites  ; 
but  the  origin  of  plumbago  appears  to  me  to 
be  principally  owing  to  the  ligneous,  and  truly 
indecompofable,  part  of  the  wood,  which  refills 
the  deftrudlive  adfcion  of  water  in  its  decompo- 
fition of  vegetable  fubftances.  This  ligneous 
fubftafnee,  difengaged  from  theotherprinciples, 
muff  form  peculiar  depofitions  and  ftrata;  and 
Mr.  Pabroni  has  allured  me  that  the  formation 
of  plumbago  in  water  is  a common  phenome- 
non, of  which  he  had  feveral  times  been  a wit- 
nefs.  This  chemift,  by  his  letter  of  the  thirtieth 
of  January  1787,  informs  me  that,  in  the  domi- 
nions of  the  king  of  Naples,  there  are  wells 
dug  exprefsly  for  the  purpofe  of  colledtingan 
acidulous  water,  at  the  bottom  of  which  wells 
a quantity  of  plumbago  is  collected  every  lix 
months. 

He  luppofes  that  the  black  mud  which  is 
found  beneath  the  pavement  of  Paris  is  plum- 
bago formed  in  the  humid  way. 

There  are  likewife  diftridts  in  Tufcany  where 
plumbago  is  formed  in  the  humid  way. 


This 
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This  fubftance  is  of  confiderable  ule  in  the 
arts.  It  has  been  at  all  times  applied  to  the 
purpofe  of  making  pencils,  the  moll  efteemed 
of  which  are  thofe  which  come  from  England. 
They  are  made  at  Kefwick  in  the  county  of 
Cumberland.  The  piece  of  plumbago  is  fa  wed 
into  very  thin  plates.  The  edge  of  one  of  rhefe 
plates  is  fitted  into  a groove  (truck  in  a wooden 
cylinder  ; and  the  thin  plate  of  plumbago  is 
then  cut  off  in  fuch  a manner  that  the  cavity  of 
the  fmall  cylinder  remains  perfe&ly  filled. 

The  duff  of  plumbago  is  ufed  to  lubricate 
certain  inftruments ; and  it  is  likewifemade  into 
pencils  of  an  inferior  quality,  by  kneading  it 
up  with  mucilage,  or  by  fufing  it  with  fulphur. 
The  fraud  may  eafily  be  difeovered  by  the  af- 
fiftance  of  fire,  which  burns  the  fulphur;  or 
by  means  of  water,  which  difTolves  the  mu- 
cilage. 

Plumbago  is  li ke wife  ufed  to  defend  iron  from 
ruff.  The  hearths  and  plates  of  chimneys,  and 
other  fimilarutenfils,  which  appear  very  bright, 
owe  their  colour  to  plumbago.  Homberg  has 
communicated  a procefs,  in  the  year  1699,  in 
which  plumbago  is  applied  to  this  ufe.  Eight 
pounds  of  hogs-lard  are  melted  with  a fmali 
quantity  of  water,  with  the  addition  of  four 
ounces  of  camphor.  When  this  laff  is  fufed. 
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the  mixture  is  taken  from  the  fire ; and,  while  it 
is  yet  hot,  a fmall  quantity  of  plumbago  is  added, 
to  give  it  a leaden  colour.  When  this  is  to 
be  applied,  the  utenfils  muff  be  heated  to  fuch 
a degree,  that  the  hand  can  fcarcely  be  applied 
to  them.  In  this  ftate  the  compofition  muft 
be  rubbed  on  them,  and  afterwards  wiped  when 
the  piece  is  dry. 

Thofe  who  prepare  fmall  fhot,  make  ufe  of 
black  lead  to  polifh  and  glaze  it ; the  fhot  is 
rolled  or  agitated  together  with  a quantity  of 
plumbago.  Plumbago  is  likevvife  ufed  to  make 
razor  ftrops.  When  kneaded  up  with  clay,  it 
forms  excellent  crucibles,  which  we  receive 
from  Paffaw  in  Saxony.  One  part  of  plum- 
bago, three  of  argillaceous  earth,  and  a fmall 
quantity  of  cows  dung  very  finely  chopped, 
form  an  excellent  lute  for  retorts.  Mr.  Pelletier 
has  ufed  it  with  great  advantage.  This  lute  is 
exceedingly  refractory;  and  the  glafs  will  melt 
without  the  covering  changing  its  form. 

To  make  the  affay  of  an  iron  ore,  I find  the 
following  flux  very  advantageous : — I mix  four 
hundred  grains  of  calcined  borax,  forty  grains 
of  flaked  lime,  two  hundred  grains  of  nitrate, 
and  two  hundred  of  the  ore  to  be  allayed.  I 
pulverize  this  mixture,  and  place  it  in  a lined 
Crucible,  which  I cover.  The  heat  of  a forge 

furnace 
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furnace' is  fuftici’ent  to  effedt  the  reduction.  In 
the  fpace  of  half  an  hour,  the  button  of  metaj 
is  found  depofited  at  the  bottom  of  the  vitrified 
flux. 

The  procefs  for  working  iron  mines  varies 
according  to  the  nature  of  the  ore.  The  metal 
is  fometimes  fo  little  altered,  and  fo  abundant, 
that  nothing  more  is  neceffary  than  to  mix  it 
with  the  coal,  and  fufe  it.  This  Ample  and  0 eco- 
nomical procefs  forms  the  bails  of  the  Catalan 
method,  which  may  be  employed  in  treating 
the  fpathofe  iron  ores,  thofe  of  Elbe,  the  haema- 
tites, and  other  rich  and  pure  ores.  But  it  can- 
not be  applied  to  fuch  as  contain  much  foreign 
matter  capable  of  becoming  converted  into 
flag.  For  this  reafon,  the  experiments  made  in 
the  county  of  Foix  on  the  ores  of  various  coun- 
tries, and  various  qualities,  have  not  fucceeded. 
On  this  head,  the  work  of  Mr.  De  la  Peyroufe, 
and  the  Memoirs  of  the  Baron  de  Dietrich,  may 
be  confulted. 

The  furnaces  in  which  iron  is  fufed,  are  from 
twelve  to  eighteen  feet  in  height.  Their  inter- 
nal cavity  has  the  form  of  two  four-fided  pyra- 
mids joined  bafe  to  bafe.  The  only  flux  added 
to  the  ore  is  the  calcareous  ftone,  named  (by 
the  French)  cajline , if  the  ore  be  argillaceous  ; 
bttf,’  if  the  gangue  be  calcareous,  the  workmen 

employ 
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employ  argillaceous  earth,  which  is  named 

berbue. 

The  furnace  is  charged  at  the  upper  part ; 
and  the  fire  is  excited  by  bellows,  or  hydraulic 
machines.  The  ore  melts  as  it  pafles  through 
the  coal ; and  is  collected  at  the  bottom,  where 
it  is  maintained  in  a liquid  ftate.  At  the  end 
of  every  eight  hours  it  is  fuffercd  to  flow  out 
into  the  mould,  or  hollow  channel  made  in  the 
fand. 

Crude  iron,  call:  in  fuitable  moulds,  forms 
chimney-backs,  pots,  cauldrons,  pipes,  and  an 
infinity  of  utenfils  or  vafes,  which  could  not  be 
obtained  without  difficulty  by  forging  the  iron. 
The  works  which  are  effablifhed  at  Creufot  in 
Burgundy,  furpafs  every  thing  which  can  be 
defired  in  this  fpecies  of  induftry. 

This  firft  product  is  called  Caff:  or  Crude 
Iron.  It  is  brittle;  but  may  be  rendeted  du&ile 
by  heating  it  again,  and  hammering  it.  For 
this  purpofe  the  pig  iron  is  fufed  again,  and 
ftirred  while  in  the  ffate  of  fuflon  : after  which 
it  is  carried  to  the  forge  hammer.  By  this  treat- 
ment the  iron  becomes  dudtile,  affu mesa  fibrous 
texture,  and  is  formed  into  fquare  or  flat  bars 
for  the  purpofes  of  trade. 

Iron  is  likewife  capable  of  a degree  of  fupe- 
riority,  which  is  given  to  it  bv  placing  it  in  con- 
# tad 
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ta£t  with  coaly  fubFances,  and  foftening  it  to 
fuch  a degree  that  thefe  may  penetrate  into  its 
texture.  Itis  then  known  by  the  name  of  Steel. 
We  are  indebted  to  Mr.  Jars  for  very  intereFing 
accounts  of  the  fbeel  manufactories  in  Eng- 
land. The  manufactory  eftablifhed  at  Amboife 
is  not  inferior  to  thofe  of  England,  as  was  afcer- 
tained  by  comparative  experiments  made  upon 
the  products  of  the  fe  veral  manufaCl:ories,at- Lux- 
emburg, on  Friday  the  7th  of  September,  1786. 

Wc  may  therefore  divide  the  different  Fates 
of  iron  into  caF  or  crude  iron,  iron  properly  fo 
called,  and  Feel.  It  is  clear  that  thefe  three  Fates 
are  nothing  more  than  modifications  of  each 
other;  but  the  circumFances  on  which  they  de- 
pend, and  the  principle  which  eFabliFies  their 
difference,  were  till  lately  unknown. 

The  celebrated  Bergmann  has  given  an  ana- 
lyfis  of  the  various  Fates  of  iron,  and  has  drawn 
up  the  following  table  ; 


Caft  Iron. 

Steel. 

Iron. 

Inflammable  Air 

40 

48 

5° 

Plumbago 

2-20 

0 

*-0 

1 

O 

0 - 12 

Manganefe 

15-25 

15  - 25 

15  - 25 

Siliceous  Earth 

2-25 

0-60 

0- 175 

Iron  - - - 1 

80-30 

83-65 

84-  45 
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This  celebrated  chemid  has  confirmed  by 
his  refults  the  concludon  of  Reaumur,  who  al- 
ways confidered  fhecl  as  an  intermediate  date 
between  crude  and  malleable  iron. 

We  are  indebted  to  three  French  chemids. 
Melds.  Monge,  Vandermonde,  and  Berthol- 
let,  for  a quantity  of  much  more  accurate  in- 
formation refpedting  all  thefe  dates. 

We  may  confider  iron  ores  as  natural  mix- 
tures of  iron,  oxigene,  and  various  foreign  fub- 
dances.  When  an  ore  is  wrought,  theobjedtof 
the  operator  is  to  clear  the  iron  of  all  thefe  mat- 
ters. To  effedt  this  feparation,  the  ore  is  thrown 
into  the  fmelting  furnaces,  with  different  pro- 
portions of  charcoal.  Thefe  matters  are  heated 
together  until  they  arrive  at  the  hotted  part 
where  the  mixture  falls ; and,  after  differing  the 
ftrong  adtion  of  the  fire,  is  precipitated  in  fu- 
lion,  and  forms  a fluid  mafs  at  the  bottom  of 
the  furnace.  The  earths  and  Hones,  nearly  in 
a vitrified  date,  float  above  the  fluid;  and  the 
oxigene,  being  partly  driven  out,  remains  like- 
wife  in  a greater  or  lefs  quantity  in  the  crude 
iront  The  crude  iron  is  either  white,  or  grey, 
or  black.  In  our  enquiries  concerning  the 
caufe  of  thefe  three  kinds  of  iron,  and  their  qua- 
lities,we  can  refer  them  only  to  the  proportions 

of 


t 


Various  Stales  of  Iron.  35  5 

of  foreign  principles  contained  in  the  crude  iron. 
Thefe  principles  are  carbone  and  oxigene. 

1.  Crude  iron  contains  carbone.  The  ladles 
which  are  ufed  to  agitate/  take  up,  and  pour 
out  this  melted  metal,  become  covered  with  a 
coating  of  plumbago,  which  contains  nine- 
tenths  of  carbone ; and  caff  iron,  ftrongly  heated 
in  contact  with  the  coal,  fuffers  a part  to  efcape 
or  exude  from  its  furface  when  it  is  (lowly 
cooled.  ;Crude  iron  emits  fparks  when  it  is 
heated  ; the  acids  which  difTolve  it  always  leave 
a refidue  which  is  purely  carbonaceous.  The 
hydrogenous  gas,  w hich  is  obtained  by  treating 
thefe  irons  with  acids,  always  affords  the  car- 
bonic acid  by  combuftion. 

2.  Crude  iron  contains  oxigene.  Several 
mineralogies  attribute  the  fragility  and  bril- 
liancy of  crude  iron  to  its  (fill  containing  iron 
in  the  (fate  of  oxide.  This  opinion,  which  is 
generally  adopted,  fuppofes  the  exigence  of 
oxigene.  Crude  iron,  urged  by  a violent  heat 
in  clofe  welfels,  affords  the  carbonic  acid,  and 
paffes  to  the  (late  of  foft  iron ; becaufe  its  oxi- 
gene then  unites  to  the  carbonaceous  principle, 
and  conflitutes  the  carbonic  acid,  which  ex- 
hales, and  clears  the  crude  iron  from  the  two 
principles  which  altered  its  quality. 

Oxigene  and  carbone  exift  therefore  in  crude 
A a 2 


iron 


35  6 Various  States  of  Iron . 

iron,  but  they  may  exifl  in  three  different 
Hates — 1.  A large  quantity  of  carbone,  and  a 
fmall  quantity  of  oxigene.  2.  An  exadt  pro- 
portion between  thefe  two  principles.  3.  Much 
ox  igene,  and  a fmall  quantity  of  carbone. — Now 
we  find  thefe  three  Rates  in  the  three  kinds  of 
crude  iron  which  we  have  diftinguifhed,  as  is 
proved  by  analyfis ; and,  as  we  may  judge  by 
the  fecondary  proceffes,  to  correct  thefe  imper- 
fections, or  to  convert  crude  iron  to  the  malle- 
able Rate. 

1.  In  the  firR  cafe,  that  iron  which  contains 
an  excefs  of  carbone  is  agitated  or  Rirred  as  it 
flows  out.  It  is  kept  a long  time  expofed  to 
the  action  of  the  bellows,  and  the  fmallefl  pof- 
fible  quantity  of  charcoal  is  made  ufe  of.  We 
fee  that  in  this  procefs  the  propereR  methods 
are  ufed  to  facilitate  the  combuRion  of  this  ex- 
cefs of  the  carbonaceous  principle. 

2.  In  the  fecond  cafe,  that  kind  of  iron  in 
which  the  principles  exiR  in  accurate  propor- 
tions, requires  only  the  adtion  of  heat  to  unite 
and  volatilize  the  two  foreign  principles.  The 
crude  iron  is  put  into  a Rate  of  ebullition  by 
the  difengagement  of  the  acid  which  is  formed, 
and  exhales. 

3.  In  the  third  kind,  or'that  which  contains 
oxigene  in  excefs,  the  bellows  are  urged  lefs 

violently ; 
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violently  5 and  the  metal  is  penetrated  with 
coal,  in  order  to  combine  with  the  oxigene. 
Here  therefore  we  fee  theory  and  pra&ice 
go  together.  The  former  explains  the  ufual 
manipulations,  and  affords  .us  principles  in 
cafes  wherein  experiment  too  frequently  fails. 

Steel  is  a kind  of  iron  which  contains  car- 
bone  only;  and  its  exiftence  may  be  proved  by 
all  the  experiments  which  have  been  mentioned 
as  demonffrations  that  crude  iron  contains  it. 

Carbone  may  be  given  to  iron — 1.  In  the 
fufion  of  the  ore.  2.  Or,  afterwards,  by  the 
cementation  of  iron  with  coaly  fubftances. 

1.  In  fome  parts  of  Hungary,  and  in  the 
county  of  Foix,  iron  ores  are  wrought  which 
contain  the  metal  nearly  in  the  difengaged 
ffate ; and  the  caff  iron,  when  duly  hammered, 
affords  iron  and  ffeei  in  a greater  or  lefs  quan- 
tity, according  to  the  management  of  the  fire, 
the  quantity  of  air  afforded  by  the  tuyere,  the 
quantity  of  coal  made  ufe  of,  and  the  nature  of 
the  ore.  In  this  operation,  the  iron  being 
fcarcely  at  all  calcined  in  the  ore,  becomes 
charged  with  coaly  matter  only,  and  the  refult 
is  fteel. 

2.  If  the  coaly  principle  be  combined  with 
iron  in  a dudtile  ffate,  and  deprived  of  all  fo- 
reign matter,  the  combination  being  effected  by 

cement- 
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cementation  or  othenvife,  the  iron  \yill  pafs  to 
the  ftate  of  fteel  ; and  the  qualities  of  this  fteel 
will  vary  according  to  the  proportions  of  can- 
bone.  The  purity  of  the  iron,  and  the  care 
which  is  taken  to  avoid  the  oxidation  of  the 
metal,  eftablifh  the  various  kinds  of  fteel  which 
are  met  with  in  commerce. 

The  nature  and  the  principles  of  fteel  being 
once  admitted  and  eftablifhed,  the  following 
fadts  will  explain  themfelves. 

1.  Since  fteel  contains  no  foreign  principle 
but  carbone,  it  is  not  furprifing  that  it  remains 
unchanged  by  a violent  heat  in  clofe  veffels. 

2.  Steel,  repeatedly  heated,  and  expofed 
while  hot  to  a current  of  air,  lofes  its  proper- 
ties, and  paffes  again  to  the  ftate  of  foft  iron. 

3.  Steel  kept  plunged  for  a time  in  crude 
iron  in  which  oxigene  predominates,  becomes 
itfelf  converted  into  foft  iron. 

4.  Soft  iron  kept  for  a time  plunged  in  crude 
iron,  wherein  carbone  predominates,  becomes 
converted  into  fteel. 

5.  Iron,  by  palling  to  the  ftate  of  fteel,  in- 
creafes  in  weight  one  hundred  and  feventieth 
part. 

Dudtile  iron  would  be  a very  foft  metal,  if 
it  w ere  cleared  of  all  foreign  fubftances. 

From  all  thefe  fadts  we  may  conclude — 

1.  That 
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t.  That  crude  iron  is  a mixture  of  iron,  car- 
bone,  and  oxigene.  2.  That  the  products  of 
crude  iron  are  white,  grey,  or  black,  according 
to  the  proportions  of  oxigene  and  carbone 
which  it  contains.  3.  That  the  fteel  of  ce- 
mentation is  merely  a mixture  of  iron  and  car- 
bone.  4.  That  fbeel  which  is  over-cemented 
is  an  iron  containing  too  large  a quantity  of  car- 
bone.  5.  That  iron  would  be  a very  foft  me- 
tal, if  it  were  not  mixed  with  a greater  or  lefs 
quantity  of  oxigene  and  carbone. 

Forged  iron  is  diftinguifhed  into  foft  iron, 
and  eager  or  brittle  iron,  by  us  (the  French) 
called  Rouvrain.  This  laft  has  a coarfer  grain 
than  the  other : it  is  divided  into  red  fhort 
iron,  and  cold  fhort  iron.  The  caufe  of  this  phe- 
nomenon is  known  : it  arifes  from  a phofphate 
of  iron,  which  was  .difcovered  by  Bergmann. 
This  celebrated  chemift  conftantly  obferved  a 
precipitate  to  be  formed  in  the  folutions  of 
cold  fhort  iron  in  the  fulphuric  acid..  It  was 
a white  powder,  which  he  called  Siderite,  and 
at  fir  ft  fuppofed  to  be  a peculiar  metal ; but 
Mr.  Meyer  of  Stetin  has  proved  that  it  is  a 
true  phofphate  of  iron. 

Soft  iron  does  not  afford  it.  All  the  irons 
of  Champagne  afford  about  a dram,  or  gros,  in 
the  pound  of  iron. 
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In  order  to  obtain  fiderite,  it  is  necefiary  that 
the  folution  fhonld  be  faturated  by  agentle  hcat 
on  the  fand  bath.  If  the  folution  he  made  too 
quickly,  the  fiderite  is  then  mixed' with  ochre,, 
which  alters  its  purity  and  whitenefs. 

A precipitate  is  formed,  which  takes  place  fo 
much  the  more  fpeedily,  as  the  folution  is  more 
diluted  with  water  each  time  after  filtration. 
The  precipitate  is  formed  in  the  firft  three  or 
four  days  ; a fecond  is  obtained  towards  the 
fixth  day ; and  that  which  afterwards,  falls  down 
is  mixed  with  ochre. 

Siderite  may  likewife  be  obtained  by  diftblv-. 
ing  iron  in  the  nitric  acid,  and  evaporation  to 
drynefs.  The  iron  is  oxided  by  this  firft  ope- 
ration. More  nitric  acid  being  poured  on  this 
refidue,  difiolves  only  the  fiderite,  without 
touching  the  oxide  of  iron.  A fecond  evapora- 
tion muft  then  be  made;  and  the  refidue  muft 
be  diluted  with  water,  to  evaporate  the  lafi:  por- 
tions of  nitric  acid ; and  that  which  remains  is 
fiderite.  It  is  foluble  in  the  fulphuric,  nitric, 
and  muriatic  acids,  from  which  it  may  be  pre- 
cipitated by  pouring  into  the  folution  as  much 
alkali  as  is  neceflary  to  faturate  the  acid  folvent. 
If  the  alkali  be  added  in  excefs,  ochre  is 
then  precipitated;  and  the  refult  is  aphofphate, 
and  a fait  arifing  from  the  union  of  the  acid 

made 
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made  ufe  of,  and  the  alkali  which  has  fervcd 
for  the  precipitation. 

The  fixed  and  volatile  alkalis,  and  lime  wa- 
ter, deccmpofe  liderite.  It  is  likewife  decom- 
pofed  by  projed^ing  it  upon  fufed  nitre. 

When.it  has  been  precipitated  by  ammoniac, 
cryftals  may  be  obtained  bv  evaporation,  which 
when  treated  with  powder  of  charcoal  afford 
pbofphorus.  The  ochreous  precipitate  affords 
iron  by  reduction  ; it  is  therefore  a combina- 
tion of  the  phofphoric  acid  and  iron.  Every 
folution  of  iron  is  precipitated  in  the  form  of 
liderite  by  the  phofphoric  acid. 

The  effedt  of  the  tempering  of  iron  likewife 
deferves  the  attention  of  the  chemift.  I am  of 
opinion  that  the  hardnefs  and  brilliancy  which 
iron  acquires  by  this  operation,  arifes  from  its 
integrant  parts,  which  are  feparated  by  the  hear, 
being  kept  and  left  at  a certain  diftance  from 
each  other  by  the-  fudden  cold,  which  drives 
out  the  heat,  without  bringing  the  conftituent 
principles  of  the  mafs  together.  The  iron  is 
then  more  brittle,  becaufe  the  affinity  of  aggre- 
gation is  lefs. 

Iron  is  eafily  oxided.  A bar  of  iron  which  is 
heated  a long  time  in  the  forge  furnace,  becomes 
oxided  at  its  furface;  and  the  coatings  of  metal 

which 
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which  pafs  to  the  (late  of  oxide,  are  feparated 
from  themafs  in  the  form  of  fcales.  The  moft 
degraded  and  the  mod  altered  metal,  in  the 
date  when  it  is  no  longer  attracted  by  the  mag- 
net, forms  an  oxide  of  a reddifh  brown  colour, 
known  by  the  name  of  Adringent  Saffron  of 
Mars,  or  the  Brown  Oxide  of  Iron. 

The  colour  of  this  oxide  varies  according  to 
its  degree  of  oxidation-  It  is  yellow,  poppy- 
colour,  dr  red  ; and  it  is  eafily  reduced  into  a 
black  powder,  when  heated  with  coaly  matters. 

The  combined  acdion  of  air  and  water  con- 
ditutes  a martial  oxide,  known  by  the  name  of 
Aperitive  Saffron  of  Mars.  This  compofition 
is  produced  by  the  combination  of  oxigenous 
gas  and  carbonic  gas  with  the  iron.  The  expo- 
lition  of  the  iron  to  a humid  atmofphere  ruds 
it  fpeedily,  and  caufes  it  to  pafs  to  the  date  of 
aperitive  faffron  of  Mars.  This  preparation 
is  a true  carbonate  of  iron. 

Water  likewife  adls  upon  iron.  If  iron  filings 
be  put  into  this  liquid,  and  be  agitated  from 
time  to  time,  the  iron  becomes  divided,  and 
blackens ; and  by  decanting  the  turbid  water, 
a black  powder  is  depofit-ed,  which  is  called  the 
Martial  iEthiops  of  Lemery,  or  the  Black  Ox- 
ide of  Iron.  It  is  a commencement  of  calci- 
nation 
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nation  effected  by  the  air  contained  in  the  wa- 
ter; but  more  efpecially  by  the  decompofition 
of  the  water  itfelf. 

The  fixed  and  volatile  alkalis,  in  the  fluid 
ffate,  being  digefted  upon  iron,  oxide  a flight 
portion,  which  falls  down  in  the  form  of 
aethiops. 

All  acids  aft  more  or  lefs  upon  iron, 

1.  The  concentrated  fulphuric  acid  is  de- 
compofed  by  boiling  upon  this  metal.  If  the 
mixture  be  diflilled  to  drynefs,  the  retort  is 
found  to  contain  fublimed  fulphur,  and  awhite 
mafs  partly  foluble  in  water,  but  incapable  of 
cryftallization. 

But  If  the  diluted  fulphuric  acid  be  poured 
upon  iron,  a confiderable  effervefcence  arifes 
in  confequence  of  the  difengagement  of  hy- 
drogenous gas.  In  this  operation  the  water 
is  decompofed,  its  oxigene  is  employed  to 
calcine  the  metal,  while  the  hydrogene  is  dis- 
engaged ; and  the  acid  ads  upon  and  diffolves 
the  metal  without  being  decompofed.  This 
folution,  when  concentrated  by  evaporation, 
affords  the  fulphate  of  iron,  which  we  have  al- 
ready treated  of. 

2.  The  nitric  acid  is  decompofed  rapidly  upon 
iron.  The  folution  is  of  a red  brown  colour, 
and  fuffers  the  oxide  of  iron  to  fall  down  at  the 
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expiration  of  a certain  time.  If  new  iron  be 
plunged  in  this  folution,  the  acid  diffolves  it, 
and  lets  fall  the  oxide  which  it  held  in  folution* 

If  the  folutions  be  concentrated,  martial  ochre 
of  a red  brown  colour  falls  down.  If  the  con- 
centration be  carried  ftiil  further,  areddilh  jelly 
is  formed,  which  is  partially  foluble  in  water. 

Iron,  precipitated  from  its  folution  by  the 
carbonate  of  pot-afh,  is  eafily  dilfolved  by  ;.the 
fuperabundant  alkali,  and  forms  the  martial  al- 
kaline tincflure  of  Stahl. 

Mr.  Maret  has  propofed  to  precipitate  the 
iron  by  the  cauftic  alkali,  to  make  the  aethiops 
immediately.  Mr.  Darcet,  in  rendering  an 
account  of  the  procefs  of  Mr.  Maret  to  the 
Royal  Society  of  Medicine,  has  propofed  that 
of  Mr.  Crohare,  which  confifts  in  boiling  upon 
the  iron  water  acidulated  with  the  muriatic  acid. 

Mr.  De  Fourcroy  made  a courfe  of  experi- 
ments upon  the  martial  precipitates,  which 
throws  much  light  upon  the  caufes  of  the  afto- 
nifning  varieties  obferved  in  them.  He  has 
proved  that  the  whole  depends  either  on  the 
nature  of  the  acid,  or  the  manner  of  operating 
at  the  time  of  making  thefe  precipitates,  or 
the  quality  of  the  precipitant. 

3.  The  diluted  muriatic  acid  attacks  iron 
with  vehemence.  Hydrogenous  gas  is  difen- 
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gaged,  which  arifes  from  the  decompofition  of 
the  water.  If  the  foliation  be  concentrated, 
and  left  to  cool  when  it  is  of  the  thicknefs  of 
fyrup,  a magma  is  formed  ,*  thin,  flattened  cryf- 
tals  are  perceived,  which  are  very  deliquefeenr. 
The  muriate  of  iron,  diftilled  in  a retort  by  the 
Duke  d’Ayen,  exhibited  very  lingular  pheno- 
mena. The  firlf  product:  was  an  acid  phlegm. 
At  a flronger  heat,  a non-deliquefeent  muriate 
of  iron  fublimed,  at  the  fame  time  that  very 
tranfparent  cryftals  rofe  to  the  roof  of  the  re- 
tort, in  the  form  of  the  blades  of  razors,  which 
decompofed  the  light  in  the  fame  manner  as  the 
bell  prifms.  At  the  bottom  of  the  retort  there 
remained  a flyptic  deliquefeent  fait,  of  a brilliant 
colour,  and  foliated  appearance,  which  exadlly 
refembled  the  large  plated  talc,  improperly- 
called  Mufcovy  Glafs.  This  laft.falt,  expofed 
to  a violent  heat,  afforded  a fublimate  more 
aftonilhing  than  the  former  produces.  It  was 
an  opake  fubftance.  truly  metallic,  which  exhi- 
bited fedtions  of  hexahedral  prifms,  polifhed 
like  fteel.  It  was  iron  reduced  and  fublimed. 

4.  It  was  long  fince  known  that  iron  is  pre- 
cipitated from  its  folutions  by  vegetable  altrin- 
gent  fubftances;  and  the  black  dyes,  and  the 
fabrication  of  ink,  are  founded  on  this  known 
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fact.  But  it  was  not  till  lately  that  an  acid 
has  been  proved  to  exift  in  thefe  fubftances, 
which  combined  with  the  iron,  and  which  may 
be  obtained  from  all  thefe  aftringent  vegetables, 
either  by  Ample  diftil lation,  or  by  mere  digef- 
tion  in  cold  water.  The  moft  Iimple  procefs 
is  the  following: 

Infufe  one  pound  of  powder  of  nut-galls  in 
2^  pints  of  pure  water.  Leave  the  mixture 
together  for  four  days,  frequently  fhaking  the 
infuflon.  Then  filter,  and  leave  the  fluid  in  a 
veflel  limply  covered  with  blotting  paper.  The 
liquid  becomes  covered  with  a thick  pellicle  of 
mouldinefs,  and  a precipitate  falls  down  in  pro- 
portion as  the  infufion  evaporates.  Thefe  pre- 
cipitates collected,  and  diffolved  in  boiling  wa- 
ter, form  a liquor  of  a brown  yellow  colour, 
which  evaporated  by  a gentle  heat,  depoflts — 

1.  A precipitate  which  refembles  fine  fand. 

2.  Cryftals  difpofed  in  the  form  of  a flar.  This 
fait  is  grey;  and  it  is  impoflible  to  obtain  it  of 
a whiter  colour  by  any  repetition  of  folutions 
and  cryftallizations. 

It  is  an  acid  which  eftervefees  with  chalk, 
and  reddens  the  infufion  of  turnfole. 

Half  an  ounce  of  this  fair  is  foluble  in  an 
ounce  and  a half  of  boiling  water,  or  twelve 
ounces  of  cold  wTater. 
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Boiling  fpirit  of  wine  diffol  ves  its  own  weight 
of  this  acid;  but  cold  fpirit  diffolves  only  one- 
fourth. 

This  hilt  is  inflammable  in  the  fire.  It  melts, 
and  leaves  a coal  of  difficult  incineration. 

When  this  acid  is  diftilled  in  a retort,  it  be- 
comes at  firft  fluid,  gives  out  an  acid  phlegm, 
but  no  oil ; and,  towards  the  end,  a white  fub- 
limate  rifes,  which  attaches  itfelf  to  the  neck  of 
the  retort,  and  remains  fluid  as  long  as  it  is  hot, 
but  afterwards  cryfiallizes.  Much  coal  is  found 
in  the  retort.  The  fublimate  has  nearly  the 
tafte  and  fmell  of  acid  of  benzoin,  is  as  folublc 
in  water  as  in  fpirit  of  wine,  reddens  the  infu- 
(ion  of  turnfole,  and  precipitates  metallic  folu- 
tions  with  theirdifferent  colours,  and  iron  black. 

The  folution  of  the  fait  of  the  nut-gall, 
poured  into  a folution  of  gold,  renders  it  of  a 
dark  green;  and  precipitates  a brown  powder, 
which  is  gold  revived. 

The  folution  of  filver  becomes  brown,  and 
at  length  depofits  a grey  powder,  which  is  re- 
vived filver. 

The  folution  of  mercury  is  precipitated  of  a 
yellow  orange  colour. 

The  folution  of  copper  affords  a brown  pre- 
cipitate. 

The  folution  of  iron  becomes  black. 
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The  folution  of  the  acetite  of  lead  is  preci- 
pitated white. 

This  fait  is  changed  into  the  oxalic  acid,  if 
the  nitric  acid  be  diftilled  from  it. 

The  bafis  of  ink  confifts  of  a folution  of  iron 
by  the  gallic  acid.  To  make  good  ink,  take 
one  pound  of  nut-galls,  fix  ounces  of  gum  ara- 
bic,  and  fix  ounces  of  green  copperas,  with  four 
pints  of  common  water.  The  nut-galls  rnuft 
be  bruifed,  and  infufed  for  four  hours  without 
boiling.  The  pounded  gum  mult  be  firft 
added,  and  buffered  to  dilTolve;  and,  laftly, 
the  copperas,  which  immediately  converts  the 
fluid  to  a black  colour.  Lewis,  of  the  Royal 
Society  of  London,  made  many  refearches  on 
this  fubjedt ; but  he  always  returns  to  the  fore- 
mentioned  fubflances.  Powdered  fugaris  fome- 
times  added,  to  render  the  ink  fhining. 

5.  The  vegetable  acid  likewife  diffolves 
iron  with  facility.  It  is  this  which  holds  the 
metal  fufpended  in  vegetables ; and  it  may  be 
precipitated  from  wine  in  the  form  of  aethiops, 
by  the  means  of  alkalis. 

Cream  of  tartar,  or  the  acidulous  tartrite  of 
pot-afh,  likewdfe  diffolves  iron;  and  the  va- 
rious degrees  of  concentration  of  this  folution 
forms  the  foluble  martial  tartar,  the  aperitive 
extract  of  Mars,  and  the  balls  of  Nancy. 

7.  The 
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7.  The  folution  of  iron,  by  the  oxalic  acid, 
affords  prifmatic  cryftals  of  a greenifh  yellow 
colour,  and  a fomewhat  aftringent  tafte,  fo~ 
luble  in  water,  and  efflorefcing  by  heat. 

8.  Iron,  diffolved  by  the  pruflic  acidj  forms 
Pruffian  blue,  or  the  prufliate  of  iron. 

A lingular  miftakegave  rife  to  the  difcovery 
of  this  fubftance.  Dielbach,  a chemill  of  Ber- 
lin, being  defirous  of  precipitating  a decodfion 
of  cochineal  with  fixed  alkali,  borrowed  of 
Dippel  an  alkali  upon  which  he  had  feveral 
times  diftilled  animal  oil ; and  as  the  decodtion 
of  cochineal  contained  fulphate  of  iron,  the 
liquor  immediately  afforded  a beautiful  blue. 
The  experiment  being  repeated,  was  followed 
with  fimilar  refults ; and  this  colour  became 
an  objedt  of  commerce,  under  the  name  of 
Pruffian  Blue. 

Prulfian  blue  was  announced  in  the  Memoirs 
of  the  Academy  of  Berlin  in  the  year  1710,  but 
without  any  account  of  the  procefs,  which  was 
kept  a fecret  until  other  chemifts  difcovered 
it.  The  procefs  was  rendered  public  in  the 
year  1724,  in  the  Philofophical  Tranfadfions, 
by  Woodward  3 who  declared  that  he  had  re- 
ceived it  from  one  of  his  friends  in  Germany. 

To  make  Prulfian  blue,  four  ounces  of  alkali 
are  mixed  with  the  fame  weight  of  dried  bul- 
Vol,  II.  B b locks 
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locks  blood,  and  the  mixture  expofed  in  a cru- 
cible, which  is  covered  in  order  to  ftifle  the 
flame;  the  fire  is  kept  up  until  the  mixture  is 
converted  into  a red-hot  coal.  This  charcoal  is 
thrown  into  water,  which  is  afterwards  filtered, 
and  concentrated  by  evaporation.  The  liquor 
is  known  by  the  name  of  the  Phlogifticated  Al- 
kali. On  the  other  hand,  two  ounces  of  the 
fulphate  of  iron,  and  four  ounces  of  the  fulphate 
of  alumine  are  difiolved  in  a pint  of  water.  The 
twro  folutions  are  mixed,  and  a blueifh  depo- 
fition  falls  down,  which  is  rendered  ftill  more 
intenfely  blue  by  wrafhing  it  with  muriatic  acid. 

Such  is  the  procefs  ufed  in  chemical  labora- 
tories ; but  in  the  works  in  the  large  way  another 
method  is  followed.  Equal  parts  of  the  rafp- 
ings  of  horns,  clippings  of  Ikins,  or  other  ani- 
mal fubftances,  are  taken  and  converted  into 
charcoal.  Ten  pounds  of  this  coal  are  mixed 
with  thirty  pounds  of  pot-afh,  and  the  mixture 
is  calcined  in  an  iron  veflel.  After  twelve 
hours  ignition,  the  mixture  acquires  the  form 
of  a foft  pafie,  which  is  poured  out  into  veflels 
of  water.  The  water  is  then  filtered;  and  the 
folution  mixed  with  another,  confiding  of  three 
parts  of  alum,  and  one  of  fulphate  of  iron. 

I have  likewife  made  Pruflian  blue  by  cal- 
cining and  burning  in  the  fame  velfel  equal 
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parts  of  the  fhavings  of  horns  and  tartar.  I 
received  the  animal  oil  and  the  ammoniac, 
afforded  by  the  calcination  of  thefe  fubftances, 
in  large  cafks,  which  communicated  with  each 
other,  and  formed  an  apparatus  after  the  man- 
ner of  Woulfe. 

It  has  likewife  been  obferved  that  the  tips  of 
thyme,  the  fun-flower, and  feveral  other  vege- 
table fubflances,  when  treated  with  alkali,  com- 
municate to  it,  in  a certain  degree,  the  property 
of  precipitating  iron  of  a blue  colour. 

Much  reafoning  has  been  exhibited  on  the 
etiology  of  this  phenomenon.  Meflrs.  Brown 
and  Geoffroy  confidered  Pruflian  blue  as  the 
phlogifton  of  iron,  developed  in  the  lixivium 
of  blood.  The  abbe  Menon  imagined  that  the 
colour  of  iron  w\as  blue ; and  that  the  phlogifli- 
cated  alkali  precipitated  it  in  its  natural  colour. 

Mr.  Macquer  refuted  the  opinion  of  his  pre- 
deceffors  in  the  year  1752;  and  propofed  a 
fyflem,  in  which  he  conliders  Pruflian  blue  as 
iron  fuperfaturated  with  phlogiflon.  This  fkil- 
ful  chemift  proved  that  the  blue  is  not  folu- 
ble  in  any  refpect  in  acids  ; and  that  the  al- 
kalis are  capable  of  diflolving  the  colouring 
matter  of  the  Pruflian  blue,  and  of  becoming 
faturated  with  it  to  fuch  a degree  as  to  be  no 
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Mr.  Sage  affirmed  that  the  iron  was  faturated 
with  the  phofphoric  acid  ; and  the  celebrated 
Bergmann  likewife  fufpedted  the  exiftence  of 
fome  animal  acid,  as  is  proved  by  his  notes  on 
the  leffons  of  chemiftr-y  of  Scheffer.  But  it  was 
rcferved  to  the  celebrated  Scheele  to  convert 
thefe  fufpicions  into  certainty. 

He  has  proved  that  the  lixivium  of  blood, 
expofed  for  a certain  time  to  the  air,  lofes  the 
property  of  precipitating  iron  of  a blue  colour ; 
and  he  has  fhewn  that  this  circumftance  de- 
pends on  the  carbonic  acid  of  the  atmofphere, 
which  difengages  the  colouring  part.  By  ad- 
ding a fmall  quantity  of  fulphate  of  iron  to  this 
lixivium,  it  is  no  longer  changed  in  confe- 
quence  of  its  remaining  in  the  carbonic  acid. 
By  boiling  this  lixivium  upon  an  oxide  of  iron, 
it  is  likewife  no  longer  capable  of  change  in 
the  carbonic  acid.  The  iron  has  therefore  the 
property  of  fixing  and  retaining  the  colouring 
principle;  but  it  is  neceffary  that  it  fhould  not 
be  in  the  fiate  of  oxide. 

Pruffian  blue,  treated  in  the  way  of  diftilla- 
tion  with  the  fulphuric  acid,  permits  a fluid  to 
cfcape  that  holds  the  pruffic  acid  in  folution, 
which  may  be  precipitated  upon  iron. 

The  proceffes  of  Scheele,  to  obtain  this  acid 
in  a ftate  of  purity,  confilt  in  putting  two  ounces 
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©f  pulverized  Pruffian  blue  into  a glafs  cucur- 
bit^ with  one  ounce  of  red  precipitate,  and  fix 
ounces  of  water.  This  piixture  is  to  be  boiled 
for  fome  minutes,  continually  fiirring  it.  It 
then  afiumes  a yellow  colour  inclining  to  green. 
The  fluid  being  filtered,  two  ounces  of  boiling 
water  are  to  be  thrown  on  the  refidue.  This 
liquor  is  a prulfiate  of  mercury,  which  cannot 
be  decompofed  either  by  alkalis  or  acids.  The 
folution  is  then  poured  into  a bottle,  in  which 
an  ounce  of  newly-made  filings  of  iron  is  put: 
three  gros  of  concentrated  fulphuric  acid  are 
to  be  added,  and  the  whole  agitated  ftrongly 
for  feveral  minutes.  The  mixture  becomes  per- 
fectly black  by  the  reduction  of  the  mercury  ; 
the  liquor  lofes  its  mercurial  tafte,  and  exhibits 
that  of  the  colouring  lixivium.  After  fuff ering 
it  to  ftand  at  reft  for  a time,  it  is  decanted,  put 
into  a retort,  and  diftiiled  by  a gentle  fire.  The 
colouring  principle  paffes  firft,  becaufe  more 
volatile  than  water.  The  operation  muft  be 
put  an  end  to,  as  foon  as  one  quarter  of  the  li- 
quor has  pahed  over.  As  this  product  contains 
a fmall  quantity  of  fulphuric  acid,  it  may  be 
cleared  of  it  by  re-diftilling  it  from  pulverized 
chalk  by  a very  gentle  fire.  The  pruffic  acid 
then  comes  over  in  a ftate  of  the  greateft  purity. 
Scheele  recommends  that  the  vefiels  be  well 
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luted,  becaufe  the?acid  would  otherwife  efcape, 
on  account  of  its  great  levity.  It  is  even  of 
advantage  to  put  a fmall  quantity  of  water  into 
the  receivers,  to  abforb  the  acid  ; and  it  would 
likewife  be  very  proper  to  furround  them  with 
pounded  ice. 

This  acid  has  a particular  fmell,  which  is  not 
difagreeable;  and  its  tafte  is  fweet. 

It  does  not  redden  blue  paper,  but  renders 
the  foluticns  of  foap  and  of  the  fulphure  of  al- 
kali turbid.  Mr.  Weflrumb  pretends  that  the 
pruflic  acid  is  the  fame  as  the  phofphoric ; for 
he  obtained  fiderite  from  Pruffian  blue,  and 
formed  animal  earth  by  mixing  the  lixivium 
of  blood  with  a folution  of  calcareous  earth. 

The  folution  of  iron  in  the  profile  acid  af- 
fords Pruffian  blue.  We  are  indebted  to  Mr. 
Berthollet  for  a very  interesting  feries  of  expe- 
riments upon  the  pruflic  acid  and  its  combina- 
tions. 

The  oxide  of  iron  is  capable  of  exifling  in 
two  different  hates  in  combination  with  the 
pruflic  acid.  If  the  oxide  predominates,  the 
combination  is  yellowilh;  hut  if  its  proportion 
be  lefs,  the  product  is  Pru Ilian  blue.  All  the 
acids  are  capable  of  dillblving  the  portion  or 
furplus  ofoxide  which  conftitutes  the  difference 
between  the  firh  and  fecond  combination. 
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The  pruffiate  of  pot-afh  contains  oxide  of 
iron*  If  an  acid  be  poured  in,  this  oxide  is 
dilfolved,  and  is  precipitated  by  double  affinity 
in  the  form  of  Pruffian  blue.  The  pruffiate  of 
pot-affi  made  by  a gentle  heat,  afterwards  eva- 
porated to  drynefs,  then  re-diffiolved,  and  filter- 
ed, no  longer  affords  the  blue  upon  the  addition 
of  acids.  It  cryftallizes  in  fquare  plates  with 
their  edges  cut  fiantways,  forming  octahedrons, 
whofe  two  oppofite  pyramids  are  truncated. 
This  folution  of  the  pruffiate  of  pot-afh,  when 
mixed  with  the  fulphuric  acid,  depofits  Pruffian 
blue,  if  it  be  expofed  to  the  folar  light,  or  to 
a ftrong  heat.  In  thefe  proceffes  the  pruffiate 
ofalkali  maybe  entirely decompofed  ; the  pruf- 
iiate  of  iron,  when  precipitated  by  the  action 
of  the  alkaline  pruffiate,  carries  down  with  it  a 
notable  proportion  of  alkali,  of  w hich  it  may  be 
cleared  by  wafhings,  which  contain  the  alkaline 
pruffiate.  It  is  the  fame  with  regard  to  precipi- 
tations by  the  pruffiates  of  lime  and  ammoniac. 

The  pruffiate  of  mercury  cryffallizes  in  te- 
trahedral prifms,  terminating  in  quadrangular 
pyramids,  whofe  planes  anfvver  to  the  angles  of 
the  prifms.  Iron  in  its  metallic  hate  decom- 
pofes  the  pruffiate  of  mercury,  and  deprives  it 
both  of  its  oxigene  and  its  acid.  The  oxide  of 
mercury  likewife  decompofes  the  pruffiate  of 
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iron,  and  feizes  its  acid.  The  pruffiate  of  mer- 
cury is  but  imperfectly  decompofed  by  the  ful- 
phuric  and  muriatic  acids.  Thefe  acids  form 
trifules,  or  triple  falts,  with  it.  The  precipitate 
of  the  nitrate  of  barytes  by  the  pruflic  acid,  is 
not  the  compound  which  Bergmann  fuppofed 
it  to  be,  but  is  merely  a trifule. 

The  pruflic  acid  readily  precipitates  alumine 
from  its  nitric  folution;  the  alumine  neverthe- 
lefs  yields  its  pruflic  acid  to  iron. 

The  oxigenated  muriatic  acid,  when  mixed 
with  the  pruflic  acid,  is  again  converted  to  the 
Hate  of  common  muriatic  acid  : the  pruflic  acid 
affumes  a more  lively  fmell,  becomes  more  vo- 
latile, is  deprived  of  its  affinity  to  alkalis  and 
lime ; it  precipitates  iron  of  a green  colour  ; and 
the  green  becomes  blue  if  the  precipitates  be 
expofed  to  light,  or  if  it  be  treated  with  the 
fulphureous  acid. 

The  pruflic  acid,  impregnated  with  the  oxi- 
genated muriatic  acid,  and  expofed  to  light, 
alTumes  the  fmell  of  an  aromatic  oil,  is  col- 
lected at  the  bottom  of  the  water  in  the  form 
of  an  oil  which  is  not  inflammable,  and  rifes  in 
vapour  by  a gentle  heat.  By  repeating  this 
procefs  it  may  be  totally  decompofed;  and 
then  this  fpecies  of  oil  becomes  concrete,  and 
js  reduced  into  cryftals. 
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The  acid  appears  to  have  undergone  a par- 
tial combuffion  in  this  operation;  at  leaft  the 
light  and  the  fulphureous  acid  do  not  reffore  it 
but  by  depriving  it  of  oxigene.  The  oxi- 
genated  prulTic  acid,  mixed  with  lime  or  a fixed 
alkali,  becomes  totally  decompofed.  Volatile 
alkali  is  difengaged ; and  if  the  alkali  was  very 
cauffic,  fuch  as  the  alcohol  of  pot-afh,  it  be- 
comes effervefcent. 

The  pruflic  acid  of  Scheele  is  only  decom- 
pofed in  part  by  this  procefs ; whence  Mr.  Ber- 
thollet  concludes  that  it  iscompofed  of  hydro- 
gene, nitrogene,  and  carbone. 

Thefe  experiments  do  not  prove  that  oxigene 
exifls  in  this  acid.  The  water  affords  that 
which  enters  into  the  carbonic  acid,  produced  by 
the  diftillation  of  the  pruffic  acid.  Pruffian  blue 
takes  fire  more  eaffly  than  fulphur,  and  deto- 
nates ffrongly  with  the  oxigenated  muriate  of 
pot-aih.  The  pruffiate  of  mercury  detonates 
ftill  more  ffrongly  with  the  nitrate  of  mercury. 
The  gas  of  thefe  detonations  has  not  yet  been 
collected.  The  pruflic  acid,  combined  with 
alkali  and  the  oxide  of  iron,  cannot  be  feparated 
by  any  acid  without  intervention  of  heat  or 
light;  and  when  it  is  difengaged,  it  is  no  longer 
capable  of  feparating  iron  from  the  weakeff  acid, 
unlefs  it  be  in  the  way  of  double  affinity.  Mr. 
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Berthollet  thinks  that  the  elaftic  (late  of  this 
acid  diminifhes  this  affinity;  and  that  it  is  ne- 
ceffary,  in  order  that  it  may  eafily  enter  into 
combination,  that  it  fhould  have  loft  fome  of 
its  fpecific  heat.  It  is  this  which1  renders  the 
oxigenated  acid  fo  feeble. 

Pruflian  blue  afforded  me,  by  diflillation,  in 
the  ounce,  one  gros  twenty-four  grains  of  am- 
moniac, thirty-fix  grains  of  the  carbonate  of 
ammoniac,  four  gros  twelve  grains  of  oxide  of 
iron,  or  alumine*  and  one  hundred  and  fixty- 
four  inches  of  hydrogenous  gas  burning  with  a 

i 1 > 

blue  flame. 

The  ammoniac  comes  over  in  combination 
with  a fmall  quantity  of  the  colouring  prin- 
ciple, which  it  takes  up,  and  holds  in  folution: 
the  fulphuric  acid  renders  this  vifible. 

Ammoniac  heated  upon  Pruflian  blue  de- 
compofes  it,  by  feizing  the  colouring  matter. 

Lime-water  digefled  upon  Pruflian  blue  dif- 
folves  the  colouring  principle  by  the  affi fiance 
of  a gentle  heat;  the  combination  is  rapid,  and 
the  water  acquires  a yellow  colour.  By  filtra- 
tion, the  liquor  paffes  of  a fine  bright  yellow, 
no  longer  converts  fyrup  of  violets  to  a green, 
and  is  no  longer  precipitated  by  the  carbonic 
acid.  It  appears  to  be  completely  neutralized, 
and  affords  an  exceedingly  fine  blue,  when 

poured 
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poured  into  a folution  of  the  fulphate  of  iron. 
The  prufliate  of  lime  has  been  propofed,  by 
MeiTrs.  Fourcroy  and  Scheele,  as  the  mod  ac- 
curate means  of  afcertaining  the  prefence  of 
iron  in  any  mineral  water. 

The  pure  fixed  alkalis  immediately  difcolour 
Pruflian  blue  in  the  cold.  This  combination 
produces  hea* ; and  the  pure  alkalis  ought  to 
be  preferred  to  the  carbonates  of  alkali,  in  ex- 
periments of  this  nature. 

Magnefia  likeivife  feizes  the  colouring  mat- 
ter of  Pruffian  blue;  but  much  more  weakly 
than  lime-water. 

A mixture  of  equal  parts  of  fteel  filings  and 
nitrate  of  pot-afh,  thrown  into  a crucible 
flrongly  ignited,  detonates  at  the  end  of  a cer- 
tain time,  with  the  difengagement  of  a confi- 
derable  quantity  of  very  bright  fparks.  The 
refidue,  when  wafhed  and  filtered,  affords  an 
oxide  of  iron  of  a yellowifh  colour,  known  by 
the  name  of  Zwelfer’s  Saffron  of  Mars. 

Iron  decompofes  the  muriate  of  ammoniac 
very  well.  Two  gros  of  ffeel  filings,  and  one 
gros  of  this  fait,  afforded  Mr.  Bucquet,  by  dis- 
tillation in  the  pneumato-chemical  apparatus 
over  mercury,  fifty-four  cubic  inches  of  an 
aeriform  fluid  ; half  of  which  was  alkaline  gas, 
and  the  other  half  hydrogenous  gas. 


This 
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This  decompofition  is  founded  on  the  ftrong 
adtion  of  the  muriatic  acid  on  iron. 

One  pound  of  the  muriate  of  ammoniac  in 
powder,  and  one  ounce  of  fteel  filings,  fublimed 
together,  form  the  martial  flowers,  or  Ens  Mar- 
tis.  Thefe  flowers  confift  merely  of  the  mu- 
riate of  ammoniac,  coloured,  and  rendered  yel- 
low by  an  oxide  of  iron.  • 

The  oxide  of  iron  decompofes  the  muriate  of 
ammoniac  much  better.  This  is  an  effedt  of 
double  affinity.  The  ammoniac  which  rifes  is 
fometimes  efrervefcent. 

A mixture  of  good  filings  of  fleel  and  ful- 
phur,  moiftened  with  a fmall  quantity  of  water, 
becomes  heated  in  the  courfe  of  feveral  hours. 
The  water  is  decompofed,  the  iron  ruffs,  the 
fulphur  is  converted  into  acid,  the  hydroge- 
nous gas  of  the  water  exhales,  and  the  heat  is 
fometimes  fufficient  to  fet  the  mixture  on  fire. 
This  phenomenon  conftitutes  the  volcano  of 
Lemery. 

There  is  the  ftrongeft  analogy  both  in  the 
phenomena  and  the  effedts  of  the  inflamma- 
tion of  this  volcano,  and  the  decompofition  of 
pyrites. 

Sulphur  combines  eafily  with  iron  by  fufion, 
and  then  forms  a true  martial  pyrites. 

Iron  may  be  alloyed  with  feveral  metallic 
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jubilances;  but  the  only  alloy  which  is  ufed  in 
the  arts  is  that  which  it  contradls  with  tin,  to 
form  white  iron,  or  tin  plates. 

To  form  the  tin  plates,  (commonly  knowm 
by  the  name  of  Tin  in  England  j the  fofteft 
iron  is  chofen,  which  is  reduced  into  very  ihin 
plates.  Care  is  taken  to  polifh  or  clean  the 
furface  very  well ; and  this  is  done  in  feveral 
ways.  The  pieces  are  rubbed  with  fand-ftone, 
and  afterwards  kept  for  three  times  twenty-four 
hours  in  water,  acidulated  by  the  fermentation 
of  malt,  turning  them  from  time  to  time.  They 
are  afterwards,  cleaned,  dried,  and  are  [then 
ready  for  tinning.  Sal  ammoniac  is  likewife 
ufed  in  fome  manufadlories.  For  this  purpofe 
the  plates  are  difpofed  in  a chamber,  in  which 
a certain  portion  of  fal  ammoniac  is  volatilized. 
The  fait  forms  a covering  over  the  w hole  fur- 
face  of  every  plate,  and  poffeffes  the  double  ad- 
vantage of  clearing  it  from  ruff,  and  affording 
the  coaly  principle  neceffary  to  prevent  the 
calcination  of  the  metal. 

When  the  iron  is  well  cleared,  the  plates  are 
plunged  vertically  into  a bath  of  tin,  whofe 
furface  is  covered  with  pitch,  or  tallow.  They 
are  turned  in  the  bath;  and  when  taken  out 
they  are  w'iped  with  faw-duft,  or  bran. 

The  ufes  of  iron  are  fo  very  extend ve,  that 

there 
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there  are  few  arts  which  can  be  pra&ifed  with- 
out it.  It  is  with  jultice  conlidered  as  the 
foul  of  all  the  arts.  Some  of  its  ores  are  ufed 
in  their  native  (late ; fuch  as  the  haematites, 
which  is  made  into  burnifhcrs. 

The  fulphate  of  iron  is  the  bans  of  all  black 
colours,  inks,  &c. 

The  ochres  are  ufed  by  painters,  under  the 
name  of  Umber;  and  the  brown  red  has  the 
mofc  extended  ufe.  With  us  (in  France)  it 
is  applied  to  give  a colour  to  brick  pavements, 
to  paint  our  doors  and  windows,  to  fmear  our 
calks,  and  to  fecure  them  from  decay  and  in- 
feds  in  fea  voyages. 

Call  iron  is  ufed  to  make  boilers,  chimney- 
grates,  hearths,  pots,  &c.  The  inllruments  of 
agriculture  are  made  of  this  metal : Heel  is  ufed 
not  only  as  Heel;  but  its  hardnefs  renders  it 
proper  to  cut  and  work  the  other  metals. 

The  magnetical  property  of  iron  has  led  to 
the  difcovery  of  the  mariner’s  compafs;  and 
this  metal,  if  it  were  productive  of  no  other 
advantage  to  mankind,  would  on  that  account 
be  entitled  to  their  greatelt  attention. 

Prufiian  blue  is  an  agreeable  colour,  greatly 
dteemed,  and  much  ufed. 

Iron  likewife  furnilhes  the  art  of  medicine 
with  remedies.  It  is  the  only  metal  which  is 

not 


Properties  of  Copper.  383 


not  noxious;  and  it  has  filch  an  analogy  with 
our  organs,  that  it  appears  to  conftitute  one  of 
the  elements  of  the  human  frame.  Its  effedls  in 
general  confift  in  (Lengthening  the  flomach; 
and  it  appears  to  poffefs  the  property  of  palling 
in  the  circulation  under  the  form  of  aethiops. 
The  valuable  experiments  of  Mr.  Menghini, 
publifned  in  the  Memoirs  of  the  Inftitute  of 
Bologna,  have  proved  that  the  blood  of  per- 
fons  who  take  martial  remedies  is  thicker,  and 
contains  more  iron.  Mr.  Lorry  obferved  that 
the  urine  of  a lick  perfon,  to  whom  he  admi- 
niftered  iron  iif  a Hate  of  extreme  divilion,  was 
manifeftly  coloured  with  the  nut-gall. 


OPPER  is  a reddifh  metal,  hard,  elas- 


tic, fonorous,  and  affording  a difagreeable 
fmell  by  fridtion.  Its  tafte  is  ftyptic,  and  nau- 
feous.  One  cubic  foot  of  copper  weighs  five 
hundred  and  forty-five  pounds.  The  fpecific 
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gravity  of  caft  copper  not  hammered  is  7,7880- 
— Briflon. 

The  alchemifts  diftinguifhed  thismetal  by  the 
name  of  Venus,  on  account  of  the  facility  with 
which  it  unites  and  is  alloyed  with  other  metals. 

It  may  be  reduced  into  very  thin  leaves,  and 
drawn  into  very  fine  wire.  The  tenacity  of 
this  metal  is  fuch,  that  a wire  of  one-tenth  of 
an  inch  in  diameter  is  capable  of  fupporting  a 
weight  of  two  hundred  and  ninety-nine  pounds 
four  ounces,  without  breaking. 

This  metal  is  capable  of  affecting  a regular 
form.  The  abbe  Mongez  obferved  it  in  folid 
quadrangular  pyramids,  fometimes  inferted 
into  each  other. 

Copper  is  found  in  various  forms  in  the 
bowels  of  the  earth. 

1.  Nativecopper. — This  copper  exifts  fome- 
times in  leaves  in  a gangue  of  quartz.  It  is 
likewufe  found  in  compact  mafles  at  Japan. 
There  is  one  of  thefe  pieces  in  the  royal  ca- 
binet, which  weighs  ten  or  twelve  pounds. 

Native  copper  is  ufually  difieminated  in  a 
brownifh  martial  earth,  fuceptible  of  a polifli. 
When  this  ore  is  rubbed  with  a flint,  the  traces 
appear  of  a beautiful  copper-colour.  Ores  of 
this  kind  are  found  at  Kaumfdorf  in  Thuringia. 
— Sage,  Analyfe  Chimique,  t.  iii.  p.  205. 
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We havelikewife  found  nativecopperat  Saint 
Sauveur.  It  has  the  form  of  nodules  refein- 
biing  ffala&ites.  Mod:  of  the  native  coppers 
appear  to  be  formed  by  cementation,  or  by  the 
precipitation  of  this  metal  diffolved  in  an  acid, 
and  thrown  down  by  martial  falts. 

Mr.  Sage  thinks  that  this  metal  may  likewife 
be  precipitated  from  its  folutions  by  phofphorus. 
To  effedt,  fays  he,  the  precipitation  of  copper 
by  phofphorus,  twelve  grains  of  this  metal  are 
to  be  diffolved  in  half  a gros  of  nitric  acid. 
The  folution  mud:  be  poured  into  half  a pint 
of  diftilled  water,  into  which  a cylinder  of 
phofphorus,  two  inches  long,  weighing  forty- 
eight  grains,  muff  be  plunged.  The  furface 
becomes  almoff  immediately  black,  and  is  co- 
vered w7ith  particles  of  copper  poffeffi ng  the 
metallic  colour  and  brilliancy.  At  the  end  of 
feveral  days,  odtahedral  cryffals  are  feen,  whofe 
infertions  into  each  other  produce  elegant  den- 
drites ; and  at  the  end  of  ten  days  the  twelve 
grains  of  copper  are  completely  reduced,  as  is 
proved  by  pouring  ammoniac  into  the  water. 
If  it  do  not  exhibit  a blue  colour,  it  is  a proof 
that  the  fluid  contains  no  copper. 

2.  Copper  mineralized  by  fulphur  forms  the 
yellow  ore  of  copper. 

This  ore  is  of  a golden  colour,  and  the  ig- 
Vol.  II.  Cc 
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norant  are  often  deceived  by  its  flattering  ap- 
pearance. It  contains  a larger  quantity  of 
copper  in  proportion  as  the  fulphur  is  lefs  in 
quantity,  and  gives  fewer  fparks  with  the  fteel. 
It  fometimes  cryftallizes  in  beautiful  octahe- 
drons. I poflefs  two  fpecimens  covered  over 
with  trihedral  pyramids  of  near  an  inch  long, 
and  between  four  and  five  lines  in  diameter  at 
the  bafes. 

When  the  fulphur  is  fo  abundant  that  the 
proportion  of  copper  will  not  longer  pay  for 
the  working,  the  ore  is  called  Marcafite.  The 
marcafite  cryftallizes  in  cubes  or  in  octahe- 
drons, which  eafily  efflorefce. 

The  yellow  copper  ore  is  found  in  various 
ftates,  according  to  the  courfe  of  its  decompo- 
fition.  The  firft  impreflion  of  hepatic  va- 
pours colours  the  furface  in  a thoufand  fhades, 
in  which  ftate  it  is  known  by  the  name  of 
Peacocks  Tail,  Pigeons  Neck,  &c. 

The  laft  degree  of  alteration  of  this  ore,  ef- 
fected by  the  Ample  difengagement  of  fulphur, 
forms  the  hepatic  copper  ore.  The  yellow  co- 
lour is  then  converted  into  an  obfcure  brown 
colour:  this  ore  appears  then  to  contain  no 
other  principles  but  water,  copper,  and  iron, 
which  laft  is  always  more  or  lefs  abundant  in 
thefe  ores. 
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The  yellow  copper  ore  fomet,imes  farms  ful- 
phate  of  copper  in  its  decompofition.  This 
fait  is  dilTol.ved  in  watery  and  forms  fp rings 
more  or  lefs  loaded  with  it,  from  which  the 
copper  may  be  obtained  by  cementation.  Old 
iron  is  thrown  into  the  water;  the  copper  is 
precipitated,  and  the  iron  takes  its  place.  In 
this  way  it  is  obtained  in  Hungary,  and  we 
might  ufe  this  ceconomical  procefs  in  feveral 
parts  of  our  province.  I have  ffaladiites  in  my 
collection,  fent  me  from  Cevennes,  which  are 
coloured  blue  by  a very  ccnfid.erable ; .quantity 
of  copper.  In  Gevaudan,  at  half  a quarter  of 
a league  from  St  Leger  de  Pey re,  feveral  fprings 
of  water  impregnated  w ith  copper  are  found, 
which  run  into  a valley.  The  inhabitants  of 
this  canton  drink  a glafs  of  the  water  ocea- 
fionally  as  a purgative. 

The  fkeietons  of  animals  are  fometimes 
found  in  copper-mines  penetrated  with  that 
metal.  Swedenburg  has  given  an  engraving 
of  the  figure  of  the  fkeleton  of  a quadruped 
taken  out  of  a copper-mine,  and  coloured  by  that 
metal.  In  the  royal  cabinet  there  is  a human 
hand,  green  at  the  extremity  of  the  fingers,  the 
mufcles  of  which  are  dried,  and  greenifh.  Ac- 
cording to  the  report  of  Mr.  Leyel,  conful  of 
mines,  there 'was  found  at  Fahlun  in  Sweden, in  the 
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great  copper-mine,  a human  carcafe,  which 
had  remained  there  forty  years,  with  the  flefn 
and  bones  entire,  without  corruption,  and  with- 
out emitting  any  fin  el  I.  The  body  was  clothed, 
and  entirely  incrufted  with  vitriol. — A&a  Li- 
teraria  Suec.  tri.  i.  anno  1722,  p.  250. 

The  turquoife  ftones  are  merely  bones  co- 
loured by  the  oxides  of  copper.  Mr.  Dc 
Reaumur,  in  the  year  1725,  gave  an  account  to 
the  Academy  of  the  turquoifes  found  in  Lower 
Languedoc.  The  colour  of  the  turquoife  fre- 
quently becomes  converted  ^into  green,  which 
depends  on  the  alteration  of  the  metallic  oxide. 
The  turquoife  of  Lower  Languedoc  emits  a 
fetid  fmell  by  the  adfion  of  fire,  and  is  decom- 
pofed  by  acids.  The  turquoife  of  Pruflia  emits 
no  fmell,  and  is  not  attacked  by  acids.  Mr. 
Sage  fufpected  that  the  ofieous  part  is  agatized 
in  thefe  laft. 

3.  Grey  copper  ore. — The  copper  is  mine- 
ralized by  arfenic.  It  has  a grey  colour,  and  an 
appearance  nearly  vitreous.  It  ufually  con- 
tains filver;  and,  w hen  wrought  to  extract  this 
precious  metal,  it  is  called  the  Grey  Silver  Ore. 
It  afredts  a tetrahedral  form,  and  arfenic  is  the 
moft  predominant  of  its  principles. 

4.  The  grey^antimonial  copper  ore. — This 

*■'  -*  . former,  becaufe  it  contains  ful- 
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phur  and  antimony,  and  is  much  more  diffi- 
cult to  be  wrought.  When  expofed  to  the  fire, 
it  becomes  as  fluid  as  water;  the  fulphur  is  vo- 
latilized with  the  antimony  and  the  arfenic. 
The  relidue  of  the  torref^dlion  is  a mixture  of 
the  antimony  and  copper,  and  fometimes  it 
contains  filver  likewife. 

\*  ! * * • c* 

5.  Copper  ores,  in  their  decompofition,  are 
reduced  to  a more  or  lefs  perfect  ftate  of  oxida- 
tion. The  carbonic  acid  frequently  unites  to  the 
metal,  and  becomes  the  mineralizer.  This  fub- 
ftance  is  known  by  the  name  of  Mountain  Blue, 
Azure  of  Copper,  Mountain  Green,  Malachite. 

A.  The  azure  of  copper  cryflallizes  in  rhom- 
boidal  tetrahedral  prifms,  rather  flattened,  ter- 
minating in  dihedral  fummits  : thefe  cryftals 
are  of  the  moft  beautiful  blue ; they  are  fre- 
quently altered  by  expofure  to  the  air,  and  be- 
come converted  into  malachite. 

Mr.  Sage  has  imitated  the  azure,  both  in  the 
form  and  colour,  by  dilTolving  copper,  in  the 
cold,  in  water  faturated  with  carbonate  of  am- 
moniac. When  the  azure  of  copper  is  of  a lefs 
brilliant  colour,  and  in  the  pulverulent  form,  it 
is  called  Mountain  Blue. 

B.  The  malachite,  cryftallized  in  octahe- 
drons, has  been  found  in  Siberia.  This  ore  is 
frequently  ftriated,  formed  into  fmall  tufts  of 

a filky 
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a filky  appearance,  or  in  very  clofe  parallel 
fibres.  The  malachite  is  frequently  covered 
with  protuberances.  This  figure  appears  to  an- 
nounce that  it  has  been  formed  in  the  fame 
manner  as  the  Rala  Sites. 

Mountain  green  differs  from  the  malachite 
only  in  its  pulverulent  form,  and  the  mixtures 
which  alter  it.  The  alterations  of  the  copper 
ores,  and  native  copper  likewife,  produce  a 
cupreous  oxide,  which  bears  the  name  of  Red 
Copper  Ore.  The  mine  of  Predanah,  in  the 
county  of  Cornwall,  has  afforded  the  fineft 
fpecimens  of  red  copper  ore.  The  metal  is 
nearly  in  the  metallic  Rate,  and  has  the  form  of 
octahedral  cry  Rais.  The  granular  red  copper 
ore  difl'ers  from  this  only  in  its  figure.  It  fome- 
times  has  a brown  martial  earth  for  its  gangue. 

The  azure,  the  malachite,  and  the  red  copper 
require  no  other  procefs  but  the  mere  fufion 
with  coal  to  convert  them  into  metal;  the 
other  kinds  require  to  be  cleared  of  their  mi- 
neralizer by  torrefadlion,  and  afterwards  to  be 
fufed  with  three  parts  of  black  flux. 

To  affay  a fulphureous  copper  ore,  Mr.  Ex- 
chaquet  propofes  to  take  two  gros  of  the  crude 
ore,  and  one  of  the  nitrate  of  pot-afh ; which, 
after  pulverization,  are  to  be  detonated  in  an 
ignited  crucible.  The  matter  becomes  hard 

after 
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after  the  detonation ; upon  which  the  fire  is  to 
be  increafed  and  kept  up,  in  order  that  the  ful- 
phur  may  be  diflipated.  The  fire  is  then  to  be 
ftill  more  firongly  urged,  until  the  ore  enters 
into  fufion;  and  a mixture  of  half  an  ounce  of 
tartar,  one  quarter  of  an  ounce  of  fait,  and  a 
fmall  quantity  of  charcoal,  is  to  be  added  in 
equal  portions.  An  effervefcence  takes  place  at 
each  projection  of  the  mixture.  The  fire  is 
then  to  be  (till  more  firongly  raifed,  and  the 
crucible  covered,  and  kept  in  this  fiate  for  half 
an  hour,  in  order  that  the  copper  may  How  into 
a mafs.  In  this  way  a very  malleable  button 
of  copper  is  obtained. 

The  working  of  copper  ores  varies  according 
to  their  compofition.  But,  as  the  fulphurcous 
ores  are  moft  commonly  wrought,  we  fliall  con- 
fine ourfelves  to  the  procefs  which  is  moft 
fuitable  to  their  nature. 

The  metal  is  firft  picked  or  forted ; after- 
wards pounded  in  a mill,  and  wafhed,  to  fepa- 
rate  the  gangue,  and  other  foreign  fubftances ; 
it  is  then  roafted,to  drive  off  its  mineralizer;  and 
afterwards  fufed  in  the  blaft  furnace.  The  re- 
fult  of  this  firft  fufion  is  black  copper;  which  is 
again  fufed  in  the  refining  furnace,  to  diftipate 
all  the  fulphur  which  has  withftood  the  pre- 
ceding operations.  When  it  is  very  pure,  it  is 

poured 
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poured  into  a broad  vefiel,  or  tefl ; a fmall  quan- 
tity of  water  is  thrown  on  its  furface,  which, 
being  by  t at  means  cooled,  feparates  from  the 
reft,  and  is  taken  up.  This  is  the  copper  in  ro- 
fettes,  which  is  taken  to  the  hammer  to  be  beat 
into  proper  form.  The  feveral  operations  are 
different  in  various  places.  In  fome  countries, 
the  ore  is  roaftedas  often  as  eight  times;  in  others, 
one  or  two  are  fufficient ; and  in  fome  places  it 
is  not  roafted  at  all.  This  variety  depends — 
1.  On  the.  variations  of  pradice:  thofe  who 
road  but  little,  employ  more  time  and  care  in 
the  fufion  and  refining.  2.  On  the  nature  of 
the  ore : when  it  is  rich  in  iron,  the  roaftings 
are  neceffary  to  difpofe  this  metal  to  fufion. 

The  method  of  roafiing  is  likewife  prodi- 
gioufly  varied.  Pieces  of  the  mineral  are  fome- 
times  heaped  up  on  a bed  of  combuftible  mat- 
ter, and  in  this  manner  the  calcination  is  per- 
formed ; but,  when  this  ore  abounds  with  ful- 
phur,  it  may  be  extraded  by  the  ingenious 
procefs  ufed  at  St.  Bell,  and  deferibed  by 
Meffrs.  Jars,  in  their  excellent  work. 

The  fufion  is  commonly  performed  in  the 
blaft  furnace ; but  at  Briftol,  in  England,  the 
ore  is  roafied  in  a reverberatory  furnace,  and 
fufed  into  black  copper. 

The  refining  furnace  conftruded  at  St.  Bell, 

by 
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by  MqfTrs.  Jars,  appears  to  me  to  be  one  of  the 
bed.  They  have  publifhed  an  excellent  defcrip- 
tion  of  it,  which  may  be  confulted  in  their  Mi- 
neralogical  Travels.  The  refining  of  copper 
confids  in  depriving  it  of  the  fulphur  and  iron 
which  it  may  dill  retain.  The  fulphur  is  diffi- 
pated  by  fire,  and  bellows  properly  directed; 
and  the  iron  is  fcorified  by  the  afddance  of 
fome  pounds  of  lead  fufed  with  the  copper. 
The  fkilful  mineralogids  whom  I have  juft 
quoted,  make  ufe  of  a reverberatory  furnace, 
lined  wdth  charcoal;  and  fufe  and  fcum  their 
copper,  without  ufing  lead. 

When  the  copper  contains  a fudicient  quan- 
tity of  diver  to  admit  of  extraction,  the  follow- 
ing procefs  is  ufed  : — 1.  Seventy-five  pounds 
of  copper  are  fufed  with  two  hundred  and  fe- 
venty-five  of  lead.  The  alloy  is  cad  into  flat 
pieces,  which  are  called  Loaves  of  Liquation. 
2.  Thefe  loaves  are  expofed  to  a heat  diffident 
to  fufe  the  lead,  which  carries  the  filver  with  it, 
and  leaves  the  copper,  which,  on  account  of  its 
being  more  difficult  to  fufe,  retains  the  original 
form  of  the  loaves,  and  is  every  where  pene- 
trated by  the  interdices  through  which  the 
fufed  metal  made  its  efcape : thefe  are  called 
Dried  Loaves  of  Liquation.  3.  They  are  car- 
ried into  a fecond  furnace,  w here  they  are  ex- 
pofed 
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pofcd  to  a Wronger  heat,  to  deprive  them  of 
the  fmall  quantity  of  lead  which  they  flill  re- 
tain. 4.  The  lead  is  afterwards  taken  to  the 
cupel,  where  it  is  fufed,  and  feparated  from  all 
the  filver  it  had  taken  up. 

Copper  is  altered  by  long  expofure  to  the 
air.  Its  furface  becomes  covered  with  a green- 
ifh  coating,  which  is  very  hard,  and  known  to 
the  antiquarians  under  the  name  of  Patin. 
This  is  the  feal  which  attefts  the  antiquity  of 
Hat ues  and  models  covered  with  it. 

Copper,  expofed  to  the  fire,  becomes  blue, 
yellow,  and  at  laft  violet.  It  does  not  flow 
until  it  is  ftrongly  ignited.  When  in  contacft 
with  the  coals,  it  gives  a blue  greenifh  tinge  to 
the  flame ; and,  if  it  be  kept  a long  time  in  fu- 
lion,  part  of  it  is  volatilized. 

When  copper  is  heated  in  contact  with  air, 
it  burns  at  it's  furface,  and  becomes  changed 
into  a blackifh  red  oxide.  This  oxide  may  be 
feparated  by  (Iriking  the  plate  which  has  been 
ignited,  or  by  plunging  it  in  water.  When  the 
oxide  has  been  pounded,  and  more  ftrongly 
calcined,  it  affumes  a brown  red  colour,  and 
may  be  converted  into  a glafs  of  a brown  co- 
lour by  a more  violent  heat. 

1.  The  fulphuric  acid  only  aits  on  copper 
when  concentrated,  and  very  hot.  It  then 

diffolves 
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difTolves  it,  and  eafily  affords  blue  cryftrJs  of 
a rhomboidal  form.  The  fulphate  of  copper 
is  known  in  commerce  by  the  name  of  Blue 
Vitriol,  Cyprian  Vitriol,  Blue  Copper,  &c. 

Two  methods  are  ufed  to  make  the  fulphate 
of  copper  which  is  met  with  in  commerce. 
The  firft  confiffs  in  calciningthe  cupreous  py- 
rites, and  caufing  them  to  effiorefce,  in  order 
to  develop  the  fait,  which  is  then  extraded  by 
lixiviation.  The  fecond  confifts  in  forming  this 
pyrites  artificially,  burning  it,  and  lixiviating 
it,  to  extrad  the  fait. 

This  fait  pofTeffes  a very  ft rong  ftyptic  tafte. 
It  is  ealily  fufible  by  heat,  which  diflipates  its 
^vater  of  cryftallization,  and  changes  its  colour 
to  a blueifh  white.  The  fulphuric  acid  may  be 
extraded  by  a very  ftrong  fire.  Lime  and 
magnefia  decompofe  this  fait;  and  the  preci- 
pitate is  of  a blueifh  white  colour.  If  it  be  dried 
in  the  open  air,  it  becomes  green.  Ammoniac 
likewife  precipitates  the  copper  in  a whitifh 
blue:  but  the  precipitate  is  diffoived  nearly  at 
the  fame  inffant  that  it  is  formed;  and  the  re- 
fill t is  a folution  of  a beautiful  blue  colour, 
known  by  the  name  of  Aqua  Celeftis. 

This  fait  contains  in  the  quintal  thirty  pounds 
acid, forty-three  water,  and  twenty  feven  copper. 

2.  The  nitric  acid  attacks  copper  with  eifer- 

vefcence. 
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vefcence,  at  the  fame  time  that  it  becomes  de- 

compofed,  and  emits  abundance  of  nitrous  gas. 

When  it  is  propofed  to  obtain  this  gas  by  the 

action  of  the  acid  upon  the  copper,  it  is  necef- 

fary  to  have  the  precaution  of  weakening  the 

acid,  and  to  prefent  the  copper  in  pieces  of 

confiderabie  magnitude.  If  thefe  circumftances 

be  not  attended  to,  the  acid  attacks  the  metal 

% 

with  fuch  violence,  as  fuddenly  to  emit  a pro- 
digious quantity  of  gas ; immediately  after 
which  an  abforption  takes  place,  and  the  water 
of  the  jar  paffes  into  the  bottle.  In  this  cafe 
ammoniac  is  formed.  The  diluted  nitric  acid 
perfectly  dilfolves  copper : the  folution  is  blue. 
If  it  be  fpeedily  concentrated,  no  other  refult 
is  obtained  but  a magma  without  cryftals ; but 
if  it  be  left  expofed  to  the  air,  it  affords  cryf- 
tals in  long  parallelograms.  By  leaving  a folu- 
tion of  this  kind  to  fpontaneous  evaporation, 
I have  obtained  rhomboidal  cryftals,  which,  in- 
ftead  of  being  blue,  as  they  are  ufually  de- 
fcribed,  are  white.  They  decrepitate  upon  the 
coals,  emit  a red  gas  by  mere  heat,  and  nothing 
remains  but  a grey  oxide. 

3.  The  muriatic  acid  does  not  dilTolve  cop- 
per unlefs  it  be  boiling  and  concentrated;  the 
folution  is  green,  and  affords  prifmatic  cryftals 
of  conliderable  regularity  when  the  evapora- 
tion 
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tion  is  flow.  This  muriate  is  of  an  agreeable 
grafs-green  colour ; its  tade  is  caudic,  and  very 
adringent : it  fufcs  by  a gentle  heat,  and  con- 
geals into  a rrafs;  in  which  the  acid  is.fo  adhe- 
rent, that  a very  drong  fire  is  required  to  dif- 
engage  it.  It  is  very  deliquefcent.  Ammoniac 
does  not  diffolve  the  oxide  of  this  muriate 
with  the  fame  facility  as  it  does  that  of  the 
other  cupreous  falts.  This  obfervation  was 
made  by  Mr.  De  Fourcroy;  which  I think 
may  be  explained  from  the  circumdance  that 
the  muriatic  acid  fuffers  the  copper  to  be  pre- 
cipitated in  the  metallic  form,  indead  of 
giving  out  a portion  of  its  oxigene,  which 
would  facilitate  the  action  of  the  alkali. 

4.  The  acetous  acid,  when  made  to  adt  either 
hot  or  cold  upon  copper,  only  corrodes  it,  and 
produces  the  fubdance  known  in  commerce 
by  the  name  of  Verdigris.  The  verdigris 
which  is  mod  ufed  in  the  arts  has  been  long 
fabricated  at  Montpellier  exclufively.  The 
prejudice  which  prevailed  that  the  cellars  of 
this  city  alone  w ere  proper  for  this  operation, 
preferved  this  commerce  till  lately  in  its  hands. 
But  the  progrefs  of  information  has  fuccedively 
put  it  in  the  power  of  other  countries  to  par- 
take in  this  manufacture. 

The  procefs  ufed  at  Montpellier  confids  in 

fermenting 
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fermenting  the  refufe  of  grapes  with  four  wine.* 
This  refufe  is  afterwards  laid  in  alternate  ftrata, 
with  plates  of  copper  fix  inches  long  and  five 
broad.  In  this  ftate  they  are  left  fora  certain 
time;  after  which  they  are  taken  out,  and 
placed  edgewife  in  a cellar,  where  they  arc 
fprinkled  with  four  wine:  in  this  fituation  the 
verdigris  fwells  up,  and  is  afterwards  feraped 
off,  put  into  facks  of  leather,  and  exported  to 
foreign  countries. 

Ready-made  vinegar  is  ufed  at  Grenoble, 
and  the  plates  of  copper  are  fprinkled  with  it. 

The  verdet  or  verdigris  of  Grenoble  contains 
one-fixth  lefs  of  copper:  the  vinegar  which  is 
obtained  is  ffronger  and  more  abundant.  It 
has  not  the  empyreumatic  fmell  of  that  of 
Montpellier.  The  copper  is  therefore  partly 
diffolved  in  the  verdet  of  Grenoble;  becaufe 
it  has  been  firft  reduced  into  an  oxide  by  the 
impreilion  of  the  vinegar,  and  afterwards  at- 
tacked by  the  fubfequent  affufion  of  the  fame 
acid.  It  is  therefore  an  acetate  of  copper. 

The  oxides  of  copper,  diffolved  in  vinegar, 
form  a fait  known , by  the  name  of  Cryftal- 
lized  Verdigris,  Cryftals  of  Venus,  Acetate  of 
Copper. 


VinafTe. 


To 
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To  obtain  this  fait,  the  vinaffe  or  four  wine 
is  di hilled;  and  this  weak  vinegar  boiled  on 
the  verdigris.  The  folution  is  then  conveyed 
into  a boiler,  where  it  is  concentrated  until  a 
pellicle  appears.  Sticks  are  then  plunged  in 
the  bath;  and  at  the  end  of  a certain  number 
of  days  the  flicks  are  again  taken  out,  covered 
with  rhomboidal  cryflals  of  a blue  colour.  Thefe 
cluflers  of  cryflals,  weighing  each  from  four  to 
fix  pounds,  are  wrapped  up  in  paper,  and  dif- 
tributed  for  fale. 

The  vinegar  may  be  difengaged  by  diflilla- 
tion  from  thefe  cryflals ; and  the  refidue  is  a 
cupreous  oxide,  which  poffeffes  the  charadlers 
of  pyrophorus. 

Vinegar,  diflil led  on  manganefe,  diffolves 
copper ; which  proves  that  it  has  taken  up  oxi- 
gene.  The  acetic  acid,  or  radical  vinegar,  dif- 
fers from  ordinary  vinegar,  in  containing  a 
greater  quantity  of  oxigene ; and  it  is  this  oxi- 
gene  which  renders  it  proper  todiffolve  copper 
in  the  metallic  flate.  The  acetate  of  copper 
may  likewife  be  found  by  decompofing  fait  of 
Saturn,  or  fugar  of  lead,  by  the  fulphate  of 
copper.  The  fulphate  of  lead  falls  down  ; and 
the  folution,  when  concentrated,  affords  the 
cupreous  acetate. 

5.  The  pure  fixed  alkalis,  digefled  in  the 

cold 
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cold  with  filings  of  copper,  become  of  a blue 
colour;  but  ammoniac  diffolves  it  much  more 
fpeedily.  I put  copper  filings  into  a bottle  with 
very  cauftic  ammoniac,  and  kept  the  bottle 
flopped  for  two  years ; the  copper  was  deprived 
of  its  colour,  and  became  fimilar  in  appearance 
to  a grey  clay  ; whereas  a fimilar  veffel,  in  which 
I had  placed  the  fame  mixture,  but  left  open, 
loon  afforded  me  very  fmall  blue  cryftals;  and 
the  whole  concluded  by  affording  only  a hard 
ftratum  of  green  matter,  refembling  malachite. 

Copper  is  precipitated  from  its  folutions  by 
iron.  For  this  purpofe  nothing  more  is  re- 
quired than  to  leave  the  iron  in  one  of  the  fo- 
lutions of  the  other  metal,  which  need  not  be 
ftrong.  The  phenomenon  may  be  rendered 
very  furprifing,  by  pouring  the  folution  of  the 
fulphate  of  copper  upon  the  clean  furface  of  a 
piece  of  iron ; for  this  furface  inftantly  becomes 
covered  with  copper.  The  copper  obtained 
by  this  means  is  known  by  the  name  of  Copper 
of  Cementation. 

This  precipitation  of  one  metal  by  another, 
has  given  rife  to  a belief  that  the  iron  was 
converted  into  copper;  and  I could,  from  my 
own  knowledge,  mention  the  names  of  indi- 
viduals who  have  been  impofed  on  by  this  phe- 


nomenon. 
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Copper  mixes  with  mod  of  the  metals  ; and 
forms — 

1.  With  arfenic,  the -white  tombac. 

2.  With  bifmuth,  an  alloy  of  a reddifh  white 
colour,  with  cubic  facets. 

3.  With  antimony,  a violet-coloured  alloy* 

4.  It  may  be  combined  with  zinc  by  fufion, 
or  by  cementation  with  lapis  calaminaris.  By 
the  firft  procefs,  limilor,  or  the  Manheim  gold, 
is  obtained ; the  produce  of  the  fecond  is  brafs. 

5.  .Copper,  plunged  in  a folution  of  mercury, 
aflumes  a white  colour,  which  arifes  from  the 
mercury  which  is  difplaced  by  the  copper. 

6.  Copper  is  ealily  united  with  tin;  and  on 
this  depends  the  art  of  tinning : for  which 
purpofe  it  is  neceffary  to  clean  the  furface  of 
the  metal  perfectly;  becaufe  the  oxides  do  not 
combine  with  the  metals.  This  firft  objeCt  is 
accomplifhed,  by  rubbing  the  metal  intended 
to  be  tinned  with  the  muriate  of  ammoniac,  or 
by  fcraping  it  effectually  ; or  even  by  pading  a 
weak  acid  over  its  whole  furface.  After  this 
operation,  the  tin  is  applied  by  fuftngit  in  the 
veftel  intended  to  be  tinned,  then  fpreading  it 
about  with  old  rags  rolled  up ; and  the  oxida- 
tion of  thefe  metals  is  prevented  by  means  of 
pitch. 

Copper,  fufed  with  tin,  forms  bronze,  orbell- 
Vol.II.  Dd  metal. 
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metal.  This  alloy  is  more  brittle,  whiter,  and 
more  fonorous,  in  proportion  to  the  quantity  of 
tin  which  enters  into  its  combination.  It  is 
then  ufed  to  make  bells.  When  it  is  intended 
to  be  applied  to  the  purpofe  of  calling  ftatues, 
or  forming  great  guns,  a larger  proportion  of 
copper  is  ufed  ; becaufe  in  this  cafe  folidity  is 
one  of  the  firft  requifites. 

7.  Copper  and  iron  contract  very  little 
union. 

8.  Copper,  alloyed  with  filver,  renders  it 
more  fufible;  and  thefe  two  metals  are  com- 
bined to  form  folders.  Hence  it  is  that  verdi- 
gris is  occafionally  obferved  in  pieces  of  filver, 
at  thofe  parts  where  joinings  have  been  made 
by  means  of  folder. 

Copper  precipitates  filver  from  its  folution 
in  the  nitric  acid.  This  method  is  ufed  in  the 
mints,  to  feparate  the  iilver  from  the  acid,  after 
the  operation  of  parting. 

Copper  is  very  much  ufed  in  the  arts.  All 
the  boilers  in  dye-houfes,  which  are  intended  to 
contain  compoutions  that  do  not  attack  this 
metal,  are  made  of  copper. 

It  is  at  prefent  ufed  as  a fheathing  for  the 
bottoms  of  fnips.  All  our  kitchen  utenfils  are 
made  of  it ; and,  in  fpite  of  the  danger  to  which 
we  are  daily  expofed  of  being  poifoned,  and 

not  with- 
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notwithftanding  the  flow  and  deftrudtive  im- 
prefhon  which  this  metal  cannot  but  produce 
upon  us  individually,  there  are  few  houfes  from 
which  this  metal  is  yet  banilhed.  It  is  a de- 
sirable objedl  that  a law  might  be  palled  to 
prohibit  its  ufe  amongft  us;  as  has  been  done 
in  Sweden,  at  the  folicitation  of  the  Baron  De 
Schoffer,  to  whom  the  public  gratitude  has 
erected  a ftatue  of  the  fame  metal.  It  is  an  al- 
lowable infringement  of  perfonal  liberty,  when 
government  take  upon  them  to  diredt  the  con- 
duct of  individuals,  in  fuch  a manner  as  to  fe- 
cure  their  own  fafety.  There  is  no  year  paffes 
in  which  feveral  perfons  are  not  poifoned  by 
hams,  or  other  food  which  is  fuffered  to  remain 
in  copper  veffels. 

Tinning  is  not  a complete  remedy  againft 
this  danger;  for  it  leaves  an  infinity  of  points 
where  the  copper  is  uncovered.* 

The  fulphate  of  copper  is  very  much  ufed  in 
dyeing.  The  cryftals  of  Venus,  and  verdigris, 
are  likewife  ufed  in  painting;  they  enter  into 
the  compofition  of  colours,  varnifhes,  &c. 

* It  may  befides  be  doubted  whether  the  extremely  thin 
white  coating,  which  conceals  the  internal  furface  of  tinned 
copper,  be  not  a kind  of  bell  or  fpeculum  metal,  inftead  of  tin, 
as  it  is  generally  fuppofed  to  be.  T. 

D d 2 The 
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The  various  alloys  of  copper  with  the  me- 
tals, render  it  highly  valuable  in  the  arts. 
Brafs,  bronze,  and  bell  metal,  are  very  exten- 
fively  ufeful. 


ERCURY  differs  from  all  other  me- 


tals, by  its  property  of  retaining  the 
fluid  Rate,  at  the  ordinary  temperature  of  the 
atmofphere. 

It  poffelfes  the  metallic  opacity  and  bril- 
liancy; and  even  acquires  malleability,  when 
deprived  of  fluidity  by  a proper  degree  of  cold. 
ThebeR  afcertained  experiment  which  has  been 
made  on  this  phenomenon,  was  performed  by 
the  Academy  of  Peterfburgh,  in  1759.  The 
natural  1 old  was  increafed  by  a mixture  of 
fnow  and  highly  concentrated  nitric  acid ; and 
the  thermometer  of  De  Lifle  was  caufed  to  fall 
to  2 13  degrees,  which  correfponds  with  46  bc- 
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low  o of  Reaumur.  At  this  period  the  mercury 
appeared  to  defcend  no  lower:  the  bulb  of  the 
thermometer  being  then  broken,  the  metal  was 
found  to  be  in  a congealed  Rate,  and  bore  to  be 
flattened  by  the  hammer.  Mr.  Pallas  congealed 
mercury,  in  1772,  at  Krafnejark,  by  the  natural 
cold;  he  then  found  that  it  refembled  fofttin. 
It  has  been  afeertained  in  England  that  the  de- 
gree of  its  congelation  was  the  3 2d  of  Reau- 
mur. Mr.  Matthew  Gutherie,  conful  at  the 
court  of  the  Emprefs  of  Ruflia,  proved  that 
the  degree  of  cold  of  this  congelation  was  32 
degrees  below  o of  Reaumur;  and  that,  when 
the  mercury  is  purified  by  antimony,  it  con- 
geals at  2 degrees  lower. — See  the  Journal  En- 
cyclopedique,  September  1785.* 

Mercury  is  as  indeftrutflible  by  fire  as  gold 
and  filver;  and  its  properties  in  general  have 
caufed  it  to  be  arranged  among  the  perfect 
metals. 

A cubic  foot  of  this  metal  weighs  949  pounds ; 
and  its  fpecific  gravity  is  13,5681. — BrifTon. 

Mercury  has  been  found  in  the  earth  in  five 
different  fiates. 

1.  Virgin  Mercury  is  found  in  moft  of  the 

* For  an  account  of  this  fubjeft,  fee  Dr.  Blagden’s  Hif- 
tory  of  the  Congelation  of  Mercury,  in  the  feventy-third 
volume  of  the  Philofophical  Tranfa&ions. 
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mines  of  this  metal.  Heat  alone,  or  mecha- 
nical divifion  of  the  ore,  is  fufficient  to  exhi- 
bit it  in  the  metallic  form. 

Native  mercury  has  been  found  in  digging 
the  foundations  of  fome  houfes  at  Montpellier; 
and  this  metal  has  been  conftantly  mixed  and 
confounded  with  a grey  or  red  clay,  which 
forms  a bed  almoft  continuous,  at  a few  feet 
beneath  the  foundation  of  this  town. 

The  obfervations  which  I have  had  occafion 
to  make  on  this  fubjedl,  have  afcertained  that 
the  mercury  exifts  in  a Ifratum  of  decompofed 
grit-ftone,  very  argillaceous,  ferruginous,  and 
ochreous ; of  a red,  brown,  or  grey  colour.  In 
this  clay,  the  globules  of  mercury,  in  confi- 
derable  abundance,  were  eafily  diftinguifhable, 
lying  upon  greyifh  plates.  Traces  are  per- 
ceived which  refemble  dendrites;  and  its  im- 
preflions  are  formed  by  layers  of  the  oxide  of 
mercury. 

Several  pounds  of  mercury  have  likewife 
been  found  in  a well  at  Vienne  in  Dauphiny ; 
and  Mr.  Thouvenel  has  pointed  out  to  us  three 
mines  of  this  metal  in  the  fingle  province  of 
Dauphiny,  according  to  the  indications  of 
Bleton. 

2.  Mr.  Sage  read  to  the  Academy,  on  the 
nth  of  May,  17 82,  the  analylis  of  an  ore  of 
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mercury,  in  the  form  of  a folid  oxide,  which 
came  from  Idria  in  Friuli.  It  is  of  a brown 
red  colour,  and  its  fradture  is  granulated.  It  is 
reducible  by  mere  heat,  and  affords  oxigenated 
gas.  It  emits  only  half  the  quantity  afforded 
by  red  precipitate,  becaufe  this  oxide  contains 
metallic  mercury.  It  affords  ninety-one  pounds 
of  mercury  per  quintal,  and  a fmall  quantity  of 
filver. 

3.  The  muriate  of  mercury,  or  corneous 
mercury,  has  been  found  native  in  the  mine  of 
Mufchel-Lamburg,  in  the  duchy  of  Deux- 
Fonts.  Mr.  Sage  obtained  eighty-fix  pounds 
of  mercury  per  quintal. 

Mr.  Woulfe  has  likewife  difcovered,  in  1 776, 
a very  ponderous,  white,  green,  or  yellow,  cryf- 
tallized  ore  of  mercury;  in  which  he  proved 
the  exigence  of  the  fulphuric  and  muriatic 
acids. 

4.  Mercury  is  fometimes  naturally  amalga- 
mated with  other  metals,  fuch  as  gold,  filver, 
arfenic,  copper,  &c. 

5.  Mercury  is  ufually  mineralized  by  ful- 
phur;  and  the  produdt  is  cinnabar  cr  aethiops, 
according  to  the  colour. 

Cinnabar  is  found  under  different  forms. 
1.  In  red  cryllais,  confiding  of  two  triangular 
pyramids,  truncated,  and  joined  bafe  to  bafe, 
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dr  elfe  fcparated  by  a very  ftiort  intermediate 
prifm.  Cinnabar  has  likewife  been  found  cryf- 
tallized  in  tranfparent  plates. 

2.  Cinnabar  is  almoft  always  found  in  maffes, 
more  or  lefs  compa<5t;  the  colour  varies  from 
deep  black  to  the  brighteft  red.  In  this  laft  ftatc 
it  is  diftinguifhed  by  the  name  of  Vermilion. 

Cinnabar  has  for  its  gangue,  quartz,  clay, 
calcareous  earth,  ponderous  fpar,  and  even  coal. 
The  ore  which  the  Germans  called  Brandertz, 
has  for  its  gangue  a bituminous  matter,  which 
burns  perfectly  w ell ; and  it  affords  only  fix 
pounds  of  mercury  in  the  quintal. 

The  principal  cinnabar  mines  which  are 
wrought  in  Europe,  are  thofe  of  the  Palatinate 
and  thofe  of  Spain.  Mr.  Sage  informed  us, 
in  1776,  of  the  procefs  ufed  in  the  Palatinate; 
and  we  are  indebted  to  Mr.  De  Juffieu  for  a de- 
fer ip  t ion  of  the  method  ufed  in  Spain. 

In  the  Palatinate  the  pounded  and  fifted  ore 
is  mixed  with  one-third  of  lime;  and  the  mix- 
ture introduced  into  iron  cucurbits,  one  inch 
thick,  three  feet  nine  inches  long,  one  foot  wide, 
with  an  opening  of  five  inches.  Thefe  veffds 
are  difpofed  in  a gallery.  Forty-eight  of  thefe 
retorts  being  arranged  in  two  parallel  lines,  a 
iecond  row  is  placed  above  the  firft.  To  the 
neck  of  each  cucurbit  an  earthen  pot  is  adapted, 
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which  is  one-third  filled  with  water,  and  ac- 
curately luted  c»n.  The  gallery  is  heated  at  the 
two  extremities ; feveral  apertures  formed  in 
the  dome  ferve  the  purpofe  of  chimnies;  and 
the  diftillation  is  effe&ed  by  a fire  kept  up  for 
ten  or  twelve  hours. 

This  procefs  was  followed  at  Almaden  till  the 
year  1647,  w^en  following  was  adopted, 
as  being  more  fimple  and  oeconomical.  The 
furnace  is  twelve  feet  high,  and  four  feet  and 
a half  diameter  within.  At  the  diftance  of  five 
feet  and  a half  from  the  ground,  is  an  arch 
upon  which  the  ore  is  difpofed,  and  a fire  is 
kindled  in  the  afh-hole.  The  fublimed  mer- 
cury efcapes  through  twelve  apertures  formed 
in  the  upper  part  of  the  laboratory.  To  thefe 
apertures,  rows  of  aludels,  inferted  one  in  the 
other,  arc  adjufted,  and  difpofed  parallel  upon 
a terrace,  which  terminates  in  a fmall  building 
feparated  into  as  many  chambers  as  there  are 
files  of  aludels.  Each  chamber  has  a cavity  in 
the  middle,  to  receive  the  fmall  quantity  of 
mercury  which  may  arrive  to  that  diftance. 

Every  furnace  contains  two  hundred  quintals 
of  cinnabar,  and  the  fire  is  kept  up  for  three 
days.  The  fulphur  which  burns  is  difengaged 
in  the  form  of  fulphureous  acid,  and  efcapes 
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through  fmall  chimneys  made  in  each  chamber.. 
Every  repetition  of  the  proceTs  affords  from 
twenty- five  to  fixty  quintals  of  mercury. 

The  mine  of  Almaden  has  been  wrought  from 
time  immemorial.  Its  veins  are  from  three  to 
fourteen  feet  in  breadth,  and  their  breadth  is 
even  larger  where  they  join. 

Hitherto  no  method  has  been  difeovered  to 
fix  mercury  but  that  of  extreme  cold.  This  me- 
tallic fubflance,  naturally  fluid,  is  capable  of 
rifing  even  by  a very  moderate  fire  ; as  is  proved 
by  an  experiment  of  Mr.  Achard,  who  having 
left  a difh  containing  twenty  pounds  of  mercury 
over  a furnace  which  was  daily  heated,  experi- 
enced a falivation  at  the  end  of  feveral  days; 
as  did  likewife  two  other  perfons  who  had  not 
quitted  the  chamber.  He  efiimates  this  heat  at 
about  eighteen  degrees  of  Reaumur. — Journal 
de  Phyfique,  October  1782. 

It  is  dangerous  to  oppofe  the  evaporation 
or  dilatation  of  this  metal  which  is  produced 
by  heat. 

In  the  year  1732  an  alchemifl  prefented  him- 
felf  to  Mr.  Geoflroy,  pretending  he  had  dif- 
eovered the  means  of  fixing  mercury.  He  in- 
clofed  the  metal  in  an  iron  box,  and  this  box 
in  five  others,  which  were  placed  in  a furnace; 
the  explofion  was  fo  firong,  that  it  burfi 
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through  the  boards  of  the  floor.  Mr.  Hellot 
has  related  a fimilar  fad:  to  the  Academy. 

Mercury  boils  in  the  fame  manner  as  other 
liquids  when  it  is  heated;  and  for  this  purpofe 
it  does  not  even  require  a very  conflderable 
heat;  the  ebullition  confifls  merely  in  its  tran- 
fition  to  the  vaporous  ftate ; for  it  may  be  dif- 
tilled  like  other  fluids,  and  by  that  means 
cleared  of  its  impurities.  Boerhaave  had  the 
patience  to  diflil  the  fame  mercury  five  hun- 
dred times  fucceflively ; and  the  metal  fuffered 
no  other  change,  than  that  it  afforded  a grey 
powder,  which  required  only  trituration  to 
convert  it  again  into  running  mercury. 

Mercury  is  not  eafily  changed  in  the  air; 
but  if  the  addon  of  the  air  be  aflified  by  heat, 
the  mercury  gradually  lofes  its  fluidity;  and  at 
the  end  of  feveral  months  forms  a red  oxide, 
which  alchemifts  have  diftinguifhed  by  the 
name  of  Precipitate  per  fe.  The  apparatus 
made  ufe  of  for  this  operation  is  a very  large  and 
very  flat  bottle,  clofed  with  a flopper,  in  which 
there  is  a capillary  perforation.  The  mercury 
within  the  bottle  by  this  means  poflefles  the 
contadl  of  air;  and  by  difpofing  the  apparatus 
upon  a fand  bath,  and  keeping  up  the  flate  of 
ebullition  in  the  fluid,  the  oxide  may  be  ob- 
tained in  the  courfe  of  feveral  months. 
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This  oxide  gives  out  its  oxigene  by  limplc 
heat,  without  any  intermedium;  and  the  mer- 
cury refumes  its  metallic  form:  one  ounce  af- 
fords about  a pint.  A quintal  of  mercury  takes 
up  about  eight  pounds  of  oxigene.  The  red 
oxide  of  mercury,  expofed  to  heat,  fublimes  in 
clofe  veffels,  and  may  be  converted  into  a very 
beautiful  glafs.  I have  obferved  this  on  all  oc- 
cafions  when  I have  made  the  red  oxide  by 
means  of  the  nitric  acid,  according  to  the  pro- 
cefs  which  I fhall  immediately  deferibe* 

It  is  certain  that  mercury  upon  which  water 
is  boiled,  communicates  a vermifuge  property 
to  that  liquid,  though  the  mofl  accurate  expe- 
riments of  Lemery  have  Ihewn  that  the  metal 
does  not  perceptibly  lofe  weight;  which  proves 
that  the  principle  taken  up  by  the  water  is  very 
fugacious,  and  fo  light  that  it  does  not  conffi- 
tute  any  fenfible  part  of  the  weighty  Water 
which  has  remained  for  a certain  time  over 
mercury  contrails  a very  evident  metallic  tafte. 

1.  The  fulphuric  acid  does  not  adl  upon 
mercury  unlefs  aflifted  by  heat.  In  this  cafe, 
fulphureous  gas  is  difengaged ; and  a white 
powder  falls  dowm,  the  quantity  of  which  be- 
comes greater  in  proportion  as  the  acid  is  de- 
compofed.  This  oxide  weighs  one-third  more 
than  the  mercury  made  ufe  of.  It  is  cauftic  : if 
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hot  water  be  poured  on  it,  it  becomes  yellow ; 
and  if  it  be  urged  by  a violent  heat,  it  affords 
oxigenous  gas,  and  the  mercury  refujnes  its  na- 
tural form.  This  yellow  oxide,  obtained  by 
means  of  the  fulphuric  acid,  is  known  by  the 
name  of  Turbith  Mineral.  It  has  long  been  con- 
fldered  as  a fulphate  of  mercury.  Mr.  Baume 
has  proved  that  it  does  not  contain  a particle 
of  acid ; and  it  appears  that  the  water  which 
develops  its  yellow  colour,  feizes  the  fmall 
quantity  of  undecompofed  acid  which  was  mixed 
with  the  oxide.  If  the  water  which  has  been 
poured  on  it  be  evaporated,  a fait  is  obtained 
in  fmall,  foft,  and  deliquefeent  needles,  which 
may  be  deprived  of  their  acid  by  the  limple  af- 
fufion  of  water.  This  fluid  precipitates  the 
mercury  from  them  in  the  form  of  turbith. 

2.  The  nitric  acid  of  commerce,  at  the 
flrength  of  thirty-five  degrees,  difiblves  mer- 
cury "with  violence,  even  without  the  afiiflance 
of  heat.  This  folution  is  accompanied  with  the 
difengagement  of  a conflderable  quantity  of  ni- 
trous gas;  becaufe  it  is  neceffary  that  the  acid 
fhould  reduce  the  metal  to  the  Bate  of  oxide 
before  it  can  adl  upon  it.  One  part  of  the  acid 
isconfequently  employed  in  difpofmg  the  me- 
tal for  folution,  and  the  other  diflolves  it  in 
proportion  as  it  is  oxided.  This  is  what  hap- 
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pens  when  the  fulphuric  acid  is  digefted  upon 
a metal ; one  portion  is  decomposed,  and  re- 
duces the  metal  into  an  oxide,  while  the  other 
difTolves  it. 

The  manner  of  effecting  the  folution  of  mer- 
cury in  the  nitric  acid,  has  an  influence  on  the 
properties  of  the  mercurial  nitrate.  Bergmann 
has  obferved  that  the  folution  which  is  made 
flowly  and  quietly,  without  difengagement  of 
nitrous  gas,  affords  no  precipitate  on  the  addi- 
tion of  water ; whereas  that  which  is  made  by 
the  afliftance  of  heat,  and  with  lofs  of  nitrous 
gas,  affords  a precipitate.  It  appears  that  the 
nitric  acid,  affifted  by  heat,  is  capable  of  becom- 
ing loaded  with  an  excefs  of  mercurial  oxide, 
which  it  lets  fall  when  diluted  with  water. 

The  method  of  performing  the  folution,  and 
the  procefs  made  ufe  of  to  cryftallize  it,  have 
an  equal  influence  upon  the  form  of  the  cryftals. 

1.  The  folution  made  in  the  cold,  and  left  to 
fpontaneous  evaporation,  affords  cryftals  which 
appeared  to  Mr.  De  Lifle  to  be  ocftahedral  pyra- 
mids, truncated  near  their  bafe,  and  having  the 
four  angles  refulting  from  the  junction  of  the 
bafes  of  their  pyramids  likewife  truncated. 

2.  If  the  fame  folution  be  evaporated,  long  and 
acute  blades  are  obtained,  lying  one  upon  the 
other,  and  ftriated  obliquely  acrofs.  3.  The 
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folution  of  mercury  effected  by  heat,  affords  flat 
and  acute  needles,  ftriated  lengthways. 

The  nitrate  of  mercury  is  corrofive;  it  deto- 
nates upon  coals  when  it  is  very  dry,  and  emits 
a whitifh  flame  of  conflderable  brilliancy. 

The  mercurial  nitrate,  heated  in  a crucible, 
is  fufed,  and  emits  a conflderable  quantity  of  ni- 
trous gas,  together  with  its  water  of  cryftalliza- 
tion.  The  remaining  oxide  becomes  yellow; 
and  at  length  afliimes  a lively  red  colour,  and 
forms  the  fubftance  called  Red  Precipitate.  In 
order  to  make  a very  fine  red  precipitate,  the 
mercurial  folution  muff  be  put  into  a retort, 
and  diftilled  until  no  more  vapours  come  over. 
An  additional  quantity  of  nitric  acid  muff  then 
be  poured  on  the  remainder,  and  likewife  dif- 
tilled off.  After  three  or  four  repeated  diftilla- 
tions,  a very  beautiful  precipitate  is  obtained 
in  fmall  cryffals,  of  a very  fuperb  red  colour. 

The  folution  of  mercurial  nitrate  forms  mer- 
curial water.  It  is  of  ufe  to  afcertain  the  pre- 
fence of  fulphuric  and  muriatic  falts  in  mi- 
neral waters. 

The  acids,  the  alkalis,  the  earths,  and  fome 
of  the  metals,  likewife  precipitate  mercury  from 
its  folution  in  the  nitric  acid.  Thefe  precipi- 
tates always  confift  of  the  oxides  of  mercury  in 
a greater  or  lefs  degree  of  perfection,  according 
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to  which  circumftances  their  colour  is  fubjed: 
to  variation.  On  this  head,  Lemery,  Baume, 
&c.  may  be  confulted. 

Mr.  Bayen  has  difcovered  that  fome  ofthefe 
precipitates  poflefs  the  property  of  fulminating, 
when  mixed  with  a fmall  quantity  of  fublimed 
fulphur.  This  chemift  has  pointed  out  three — 
i . The  precipitate  of  mercury  from  its  folution 
in  the  nitric  acid  by  the  afliftance  of  the  car- 
bonate of  ammoniac.  2.  The  precipitate  of  the 
fame  fluid  by  lime-water.  3.  The  precipitate 
of  the  folution  of  corrofive  fublimate  by  lime- 
water.  Half  a gros  is  to  be  triturated  with  fix 
grains  of  fublimed  fulphur.  After  the  detona. 
tion,  a violet-coloured  powder  remains,  which 
affords  a fine  cinnabar  by  fublimation. 

3.  The  muriatic  acid  does  not  fenfibly  adt 
upon  mercury;  but  if  it  be  digefled  for  a long 
time  upon  the  metal,  it  oxides  it,  and  at  length 
diflolves  the  oxide,  as  may  be  concluded  from 
the  experiments  of  Homberg,  inferted  in  the 
volume  of  the  Academy  of  Sciences  for  the 
year  1700. 

The  muriatic  acid  completely  diflolves  the 
mercurial  oxides.  When  thefe  oxides  are  nearly 
in  the  metallic  fiate,  or  charged  with  a fmall 
quantity  of  oxigene,  the  muriate  of  mercury  is 
formed.  When,  on  the  contrary,  the  oxide 
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of  mercury  is  faturated  with  oxigene,  the  oxi- 
gcnated  muriate  of  mercury,  or  corrofive  fubli- 
mate  of  mercury,  is  formed. 

Corrofive  fublimate  may  be  formed  accord- 
ing to  two  methods;  in  the  dry  way,  or  in  th'e 
humid  way. 

To  make  this  lalt  in  the  dry  way,  the  opera- 
tor may  proceed  in  various  manners. 

1.  Equal  parts  of  dried  nitrate  of  mercury, 
decrepitated  muriate  of  foda,  and  fulphate  of 
iron  calcined  to  whitenefs,  are  mixed  together. 
This  mixture  being  expofed  to  fublimation,  the 
product  which  arifes  is  corrofive  fublimate. 

2.  Running  mercury  is  ufed  in  Holland  in- 
ftead  of  the  nitrate  of  mercury ; and  the  fame 
refults  may  be  obtained  by  ufing  any  oxide  of 
mercury  whatever. 

3.  Equal  parts  of  the  fulphure  of  mercury, 
and  the  decrepitated  muriate  of  foda,  afford  the 
fame  fait  by  fublimation.  This  procefs  of 
Kunckel  has  been  revived  by  Boulduc. 

4.  Mr.  Monnet  affures  us  that  he  obtained 
corrofive  fublimate  by  treating  the  dry  muriate 
of  foda,  and  a mercurial  oxide,  in  the  way  of 
difliilation  in  a retort. 

If  mercury  be  diffolved  in  the  oxigenated 
muriatic  acid,  the  folution,  when  concen- 
trated, affords  very  fine  corrofive  fublimate. 
Vol,  II.  E e It 
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It  may  likewife  be  obtained  by  precipitating 
the  mercury  from  mercurial  water  by  the  fame 
acid,  and  evaporating  the  folution. 

1 have  obtained  very  fine  fublimate  by  pre- 
fenting  a mercurial  oxide,  fufficiently  loaded 
with  oxigene,  to  the  ordinary  muriatic  acid. 
One  pound  of  muriatic  acid,  at  the  flrength  of 
twenty-five  degrees,  poured  upon  one  pound  of 
red  oxide  by  the  nitric  acid,  difcolours  it,  in  a 
fhort  time  diffolves  it  with  a violent  heat;  and 
this  folution,  diluted  with  water,  and  properly 
evaporated,  affords  from  twelve  to  fourteen 
ou-nces  of  cryflals  of  corrolive  fublimate. 

The  corrofive  muriate  of  mercury  has  a 
flyptic  tafle,  followed  by  an  exceedingly  difa- 
greeable  metallic  tafle.  When  placed  on  hot 
coals,  it  is  diflipated  in  fumes;  when  flowly 
heated  in  fubliming  veffels,  it  rifes  in  prifmatic 
cryflals,  fo  much  flattened,  that  their  faces  are 
fcarcely  diflinguifhable.  The  affemblage  of 
thefe  has  induced  authors  to  compare  them  to 
fword  blades  lying  acrofs  each  other. 

This  fait  is  foluble  in  nineteen  parts  of  wa- 
ter ; and  when  the  folution  is  concentrated,  it 
affords  cryflals  fimilar  to  thofe  obtained  by 
fublimation. 

Barytes,  magnefia,  and  lime  decompofe  this 
fait.  Haifa  gros  of  corrofive  fublimate  in  pow- 
der. 
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der,  thrown  into  a pint  of  lime-water,  forms 
a yellow  precipitate.  This  fluid  is  known  by 
the  name  of  Phagedenic  Water. 

Fixed  alkali  precipitates  the  mercury  in  an 
orange  coloured  oxide;  and  volatile  alkali  in 
the  form  of  a white  powder,  which  becomes 
brown  in  a fhort  time. 

The  fame  muriatic  acid,  combined  with  a 


iefs  perfedt  oxide  of  mercury,  forms  the  njild 
muriate  of  mercury,  or  mercurius  dulcis.  This 
combination  may  like  wife  be,  made  by  two 
methods ; by  the  dr-y or  the  humid  way. 

1.  In  the  dry,  way,  four  parts  of  corrolive 
muriate  of  mercury  are  triturated  in  a mortar 
with  three  of  running  .mercury.  When  the 
mercury  has  disappeared,  the  mixture  is  put  into 
phials,  and  fubliqned  three  fucceflive  times,  in 
order  that  .the  combination  may  be  more  accu- 
rate. This  fublimate  differs  from  corrolive 
m ivrj .7  ' , : 

fublimate  by  its  infolubility.  in  water,  its  infi- 


pidity,  and  the  form  of  its  cryftals,  which  are 
tetrahedral  pyramids,  terminated  by.four-lided 

' 1 ' • # ‘ ' • ‘ - 1 w * i ..  . . * V ' . . 

pyramids.  To  obtain  this  regular  form,  it  is 
neceffary  that  the  fublimation  fhould  be  made 

at  a moderate  heat ; for,  if  the  heat  be  flifficient 

. 

to  liquefy  the  fait,  the  refult  is  merely  a cruft, 
with  no  appearance  of  cryftals.  As  the  tritu- 
ration of  corrolive  fublimate  is  dangerous., 
Ee  2 
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on  account  of  the  powder  which  rifes,  Mr. 
Baume  pours  a fmall  quantity  of  water  Upon 
the  mixture.  This  liquid  accelerates  the  tri- 
turation, and  prevents  the  rifing  of  the  de- 
drucdive  powder. 

Mr.  Bailleau  has  likewife  propofed  the  in- 
corporating of  corrofive  fublimate  with  water, 
and  triturating  it  wTith  running  mercury.  The 
coiiibination  is  completed  by  digefting  the  mix- 
ture on  a fand-bath  by  a gentle  heat.  The  mat- 
ter becomes  white,  and  requires  only  a linglc 
fublimation.  Whenever  it  is  fufpeeded  that  mer- 
curius dulcis  dill  retains  a portion  of  corrofive 
fublimate,  nothing  more  is  necelfary  to  be  done 
than  to  triturate  it,  and  pour  boiling  water  upon 
itf  for  by  this  means  the  whole  of  the  folublc 
fait  w’hich  may  have  remained  is  carried  off. 

Mr.  Baume  has  proved  that  there  is  no  in- 
termediate date  between  mercurius  dulcis  and 
corrodve  fublimate.  If  lefs  mercury  be  added  to 
the  fublimate,  a proportional  quantity  of  mer- 
curius dulcis  only  fublimes,  and  the  red  rifes 
in  the  form  of  corrofive  fublimate;  if  a greater 
quantity  of  mercury  be  added  than  is  necef- 
fary  to  convert  the  whole  into  mercurius 
dulcis,  the  excefs  remains  in  the  form  of  run- 
ning mercury. 

The  fame  chemid  has  likewife  proved,  that  a 

portion 
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portion  of  the  mercury  is  always  loft  at  each 
fublimation;  and  that  a fmall  quantity  of  cor- 
rosive fublimate  is  formed,  which  arifes  from 
the  alteration  of  the  mercury.  Hence  it  fol- 
lows that  the  mercurial  panacea,  which  is  made 
by  fubliming  mercurius  dulcis  eight  or  nine 
times,  is  a more  fufpicious  remedy  than  the 
mercurius  dulcis  itfelf. 

2.  Mercurius  dulcis  may  likewife  be  made 
by  decompofing  mercurial  water  by  a folution 
of  the  muriate  of  foda.  The  white  precipitate 
which  is  obtained  may  be  fublimed,  and  forms 
an  excellent  mercurius  dulcis.  I communicated 
this  procefs  to  the  Society  of  Sciences  at  Mont, 
pellier,  two  years  before  Mr.  Scheele  made  it 
known. 

The  corrolive  muriate  of  mercury  differs 
therefore  from  the  mild  muriate  by  the  ftate  of 
its  acid. 

The  mercurial  oxides  are  equally  foluble  in 
the  other  acids. 

3.  A folution  of  borax,  mixed  with  mercu- 
rial water,  forms  a very  abundant  yellow  preci- 
pitate, which  is  nothing  elfe  but  the  combina- 
tion of  the  acid  of  borax  and  mercury.  A 
fmall  quantity  of  this  fait  remains  in  folution, 
which  may  be  obtained  in  brilliant  cryftals  by 
evaporation. 


4.  The 
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4.  The  acetous  acid  likewife  diffolves  the 
oxide  of  mercury,  and  affords  white  foliated 
cryftals. 

Mercury  precipitated  from  a folution  of  the 
acetate  of  mercury,  combines  with  the  aci- 
dulous tartrite  of  pot-afh,  and  forms  the  ve- 
geto-mercurial  water  of  Prelfavin. 

The  acetate  of  mercury  is  the  bafis  of  Key- 
fer’s  pills. 

5.  Mercury,  artificially  mixed  with  ful- 
phur,  forms  the  red  or  black  fulphures,  known, 
on  account  of  their  colour,  by  the  names  of 
iThhiops  or  Cinnabar. 

To  form  the  aethiops,  or  black  oxide  of  mer- 
cury, three  methods  may  be  followed. 

1.  Four  ounces  of  mercury  may  be  tritu- 
rated with  twelve  ounces  of  fublimed  fulphur 
in  a glafs  mortar.  The  refult  is  a black  pow- 
der, called  ^thiops  Mineral. 

e.  Four  ounces  of  fulphur  may  be  fufed  in  a 
crucible,  and  one  ounce  of  mercury  extin- 
guifhed  in  it.  The  mixture  readily  takes  fire, 
but  the  inflammation  is  to  be  prevented;  and 
the  blackifh  refidue,  being  pounded,  affords  a 
greenifh  powder,  which  is  a true  tethiops. 

3.  The  aethiops  may  be  made  by  pouring 
the  fulphure  of  pot-afh  upon  mercurial  water. 

Thefe  sethiops  afford  by  fubiimation  cinna- 

bar5 
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bar,  or  the  red  fulphurated  oxide.  But  inor- 
der  to  make  it  with  a greater  degree  of  accu- 
racy, four  ounces  of  fublimed  fulphur  are  fufed 
in  an  unglazed  earthen  pot,  and  one  pound  of 
mercury  mixed  with  it  by  ffirring  or  agitation. 
When  thefe  fubflances  have  combined  to  a 
certain  degree,  the  mixture  fpontaneouily  takes 
lire,  and  is  fuffered  to  burn  about  a minute. 
The  flame  is  then  fmothered,  and  the  refldue 
pulverized, which  forms  a violet  powder,ufually 
weighing  about  feventeen  ounces  five  gros. 
This  powder,  being  fublimed,  affords  a fubli- 
mate  of  a livid  red  colour;  which,  when  pound- 
ed, exhibits  a fine  red  colour,  known  by  the 
name  of  Vermilion. 

Three  parts  of  cinnabar,  mixed  with  two 
oiinces  of  iron  filings,  afford  very  pure  mer- 
cury by  diftillation,  which  is  called  mercury 
revived  from  cinnabar.  Lime,  the  alkalis, 
and  moftof  the  metals,  may  be  fubffituted  in- 
ffead  of  the  iron. 

Mercury  amalgamates  with  moff  other  me- 
tals.5 On  this  property  is  founded  the  art  of 
water-gilding,  or  gilding  upon  metals,  the  tin- 
ning of  glaffes,  the  working  of  gold  and  filver 
mines,  *&c. 

Mercury  is  likewife  ufed  in  the  conffrudtion 
of  meteorological  inftruments,  in  which  it  pof- 
fefies  the  advantage  oyer  other  fluids — 1.  That 

it 
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it  does  not  eafily  freeze.  2.  It  is  more  cafily 
and  gradually  dilatable,  according  to  the  fine 
experiments  of  Meffrs.  Bouquet  and  Lavoifier. 
3.  It  is  very  nearly  of  the  fame  quality  in  dif- 
ferent fpecirnens. 

Mercury  may  be  ufed  in  fubftance  as  a re- 
medy againft  the  volvulus,  and  it  has  never 
been  obferved  to  produce  bad  effects.  It  is 
mixed  with  fat,  to  form  unguents  very  much 
ufed  in  venereal  cafes.  Thefe  are  prepared 
with  one-third  or  half  their  weight  of  mercury, 
according  to  the  exigence  of  the  cafe. 

The  mercurial  water  is  ufed  as  an  efeha- 
rotic. 

The  red  oxides  anfwer  the  fame  purpofe. 

The  mild  mercurial  muriate  is  ufed  as  a pur- 
gative. It  enters  into  the  compofition  of  pills 
which  are  ufed  in  venereal  cafes,  with  the  in- 
tention of  carrying  off  the  morbific  matter  by 
the  (kin. 

The  corrofive  muriate  of  mercury  is  of  very 
extenfive  ufe,  more  efpecially  againfl:  venereal 
diforders.  This  remedy  requires  {kill  and 
prudence;  but  I have  received  it  as  the  com- 
mon opinion  of  all  phyficians  of  reputation, 
that  it  is  the  mod  powerful  and  certain  remedy 
poffeffed  by  the  art  of  medicine.  In  a large 
dofe  it  irritates  the  fyftem,  affevffs  the  ftomach, 

occafions 
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occafions  fpafms  in  the  lower  belly,  and  leaves 
impreffions  which  are  difficult  to  be  eradi- 
cated. 

Cinnabar  is  ufed  in  fumigations,  to  deftroy 
certain  in  feds  which  attach  themfelves  to  the 
ildn.  It  is  likewife  ufed  as  a pigrpent. 


CHAP.  XIII. 

Concerning  Silver . 

SILVER  is  a metal  of  a white  colour, 
poireflmg  neither  fmell  nor  taite,  nearly 
unalterable  by  fire,  very  dudile  and  tenacious. 
A cubic  foot  of  this  metal  cafi  weighs  feven 
hundred  and  twelve  pounds;  the  fpecific  gra- 
vity of  cafi:  filver  is  10,1752.  See  Brilfon. — 
It  is  found  in  the  earth  in  five  different  fiates, 
which  we  fhall  proceed  to  confider. 

1.  Virgin  or  native  filver. — Native  filver  is 
found  in  various  forms.  1.  In  ramifications 
compofed  of  odahedrons  inferted  one  in  the 
other.  This  variety  is  known  by  moft  minera- 
logifis  under  the  name  of  Virgin  Silver  in  Ve- 
getation. Four  procefies,  indicated  by  Mr. 

Sage, 
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Sage,  are  known  for  the  cry  Utilization  of  filver : 
amalgamation,  reduction  by  phofphorus,  re- 
duction by  copper,  and  fufion. 

A detail  of  thefe  four  procefles'  may  be  feen 
in  his  Analyfe  Chimiquc,  book  iii.  p.  238  et 
feq. 

Native  filver  is  likewife  found  in  fmall  ca- 
pillary, flexible,  and  intertwined  threads.  The 
decompofition  of  the  red  or  vitreous  filver  gives 
rife  to  this  fpecies ; it  may  even  be  produced 
by  a flow  calcination  of  one  of  thefe  ores. 

Silver  is  likewife  found  in  irregular  forms; 
either  in  fmall  plates  difperfed  in  the  gangues, 
or  in  mafles.  Albinus  reports,  in  the  Chronicle 
of  the  Mines  of  Mifnia,,  that  in  the  year  1478 
a lump  of  native  filver  was  found  at  Schnee- 
burg,  weighing  four  hundred  quintals.  Duke 
Albert  of  Saxony  defeended  into  the  mine  to 
fee  this  furprifing  mafs  of  filver,  and  had  din- 
ner ferved  up  upon  it. 

2.  The  vitreous  filver  ore,  or  filver  minera- 
lized by  fulphur. — This  ore  is  of  a grey  colour, 
and  may  be  cut  like  lead.  It  cryftallizes  in 
octahedrons,  or  in  truncated  cubes,  and  is  mofi: 
frequently. found  of  an  indeterminate  figure; 
The  fulphur  may  be  extracted  by  heat.  It  af- 
fords about  fixteen  pounds  in  the  quintal. 

When  the  fulphur  is  contained  in  a greater 

% 
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proportion  in  this  ore,  it  becomes  black,  po- 
rous, and  friable. 

3.  Red  filver  ere:  filver  mineralized  by  ful- 
phur  and  arfenic'. — This  fpecies  cryftallizes  in 
hexahedral  pyramids,  terminating  in  an  obtufe 
trihedral  pyramid,  with  rhombic  faces.  It  is 
frequently  found  in  irregular  mafTes  of  no  de- 
terminate figure.  It  poflefies  the  colour  and 
tranfparency  of  the  ruby. 

Mr.  Sage  has  obtained  from  this  ore,  by 
diftillation,  water,  carbonic  acid,  and  the  ful- 
phurated  yellow  and  red  oxides  of  arfenic.  If 
this  ore  be  calcined  in  a tefb,  and  the  mine- 
ralizer be  fuffered  to  exhale,  the  refidue  is 
found  to  be  in  the  metallic  flate,  exhibiting 
contorted  threads  of  filver  at  its  furface.  Part 
of  the  filver  pafles  to  the  {fate  of  grey  oxide  in 
this  operation. 

4.  White  antimonial  filver  ore : filver  and 
antimony  mineralized  by  fulphur. — This  ore  is 
as  white  as  filver;  it  is  brittle,  and  of  a granu- 
lated fracture.  Sometimes  it  is  found  in  hexa- 
hedral prifms,  truncated,  and  flat  at  each  end: 
this  kind  is  found  in  the  principality  of  Fur- 
fienburg.  When  expofed  to  heat,  it  becomes 
as  fluid  as  water,  emits  antimony  and  fulphur, 
and  leaves  the  filver  behind,  together  with  an 
oxide  of  antimony.  This  femi-metal  is  cleared 

off 
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off  by  fufion,  afliftcd  by  proper  fluxes,  and 
cupellation. 

5.  The  corneous  ore  of  Silver,  or  muriate  of 
Silver. — This  fpecies  is  of  a dirty  yellow  grey  : 
it  is  Soft,  and  may  be  eaflly  broken  or  cut. 
A gentle  heat  caufes  it  to  flow ; it  Sublimes 
without  decomposition,  is  mod  frequently 
found  of  no  regular  form,  but  fometimes  crys- 
tallized in  cubes.  The  muriatic  acid  is  its  mi- 
neralizer. Mr.  Woulfe  has  Ihewn  that  it  like- 
wife  contains  a fmall  quantity  of  Sulphuric  acid. 

6.  Silver  is  alfo  very  frequently  alloyed  with 
various  metals,  fuch  as  lead,  copper,  bifmuth, 
cobalt;  and  thefe  ores  are  fometimes  wrought 
on  account  of  the  quantity  of  filver  they  con- 
tain. 

The  manner  of  working  a filver  ore  varies 
according  to  its  nature ; but  all  the  proceffes 
ufed  in  various  countries  may  be  reduced  to 
the  following: 

1.  In  Peru  and  Mexico  the  mineral  is 
pounded,  roafted,  wafhed,  and  afterwards  tri- 
turated with  mercury  in  copper  boilers  filled 
with  water  kept  at  the  boiling  heat.  The  whole 
is  agitated  by  means  of  a kind  of  mill.  The 
amalgam  is  afterwards  expreffed  in  a fkin ; then 
heated,  to  drive  off  the  remaining  mercury; 
after  which  proccfs  the  filver  remains  alone. 

This 
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This  method  is  defective — x.  Becaufe  the 
fire  volatilizes  a portion  of  the  muriate  of  filver 
which  abounds  in  thefe  ores.  2.  The  wafh- 
ings  carry  with  them  a portion  of  the  oxide  of 
filver.  3.  The  mercury  docs  not  amalgamate 
cither  with  the  muriates  of  filver,  or  the  ful- 
phates  of  that  metal. 

2.  When  filver  ores,  mineralized  by  fulphur 
or  arfenic  are  to  be  wrought,  they  are  roafted, 
pounded,  wafhed,  and  fufed  with  lead.  This 
metal  feizes  all  the  filver,  from  which  it  is 
"again  feparated  by  cupellation. 

3.  When  the  filver  ore  is  poor,  it  is  fufed 
with  cupreous  pyrites,  and  the  mixture  treated 
in  the  way  of  liquation. — See  the  article 
Lead. 

To  determine  the  degree  of  purity  of  the  fil- 
ver, a given  weight  of  filver  is  fuppofed  to  be 
compofed  of  twelve  parts,  called  pennyweights ; 
each  pennyweight  is  divided  into  tw;enty-four 
grains.  Silver,  clear  of  all  mixture,  is  faid  to 
be  twelve  pennyweights  fine. 

In  order  to  affay  filver,  and  to  afeertain  its 
degree  of  finenefs,  the  regulation  of  the  Court 
of  Monies  of  France  preferibes,  that  thirty-fix 
grains  of  filver  be  taken,  and  wrapped  in  a 
plate  of  lead  containing  no  fine  metal,  and  then 
expofed  to  cupellation.  From  the  lofs  which 
the  button  of  filver  that  remains  on  the  cupel 
2 ha? 
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has  fuffered,  a judgment  is  made  of  the  quan- 
tity of  alloy.  If  the  lofs  be  one-twelfth  of 
the  whole,  the  filver  is  faid  to  be  eleven  penny- 
weights fine.  The  details  relating  to  this  ope- 
ration may  be  feen  in  L’ Art  d'ejfayer  l1  Or  et 
V Argent^  far  M.  Sage . 

Silver  may  be  rendered  hard  by  mixing  it 
with  copper ; and  for  this  reafon  it  is  alloyed 
with  that  metal  for  filverfmiths’  work,  as  well 
as  for  the  coinage.  The  law  permits  one- 
twelfth  of  alloy  in  filver  money  ;*  and  it  is  this 
portion  of  copper  which  renders  the,  folution 
of  lilver  coin  in  the  nitric  acid  blue. 

Silver  is  not  changed  by  the  contact  of  air. 
A confiderable  heat  is  required  to  fufe  it;  but 
it  may  be  volatilized  by  a ftrong  fire  without 
alteration,  as  is  proved  by  the  capital  experi- 
ments of  the  Academicians  of  Paris,  made  in 
the  focus  of  the  lens  of  Mr.  Trudaine.  This 
metal  emits  a thick  fume,  which  whitens  plates 
of  gold  expofed  immediately  over  it. 

Junker  converted  filver  into  glafs,  by  treat- 
ing it  in  a way  of  reverberation,  after  the  man- 
ner of  Ifaacus  Hollandus,  in  a very  flrong  fire. 

Macquer,  by  expofing  filver  twenty  times 
fucceflively  to  the  porcelain  furnace  of  Seves, 
obtained  glafs  of  an  olive-green  colour.  It  was 
likewife  obferved  that  this  metal, when  expofed 

* The  Britifh  coinage  is  1 1 ounces  2 pennyweights  fine.  T« 
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to  the  focus  of  a burning  mirror,  prefented  a 
white  pulverulent  matter  on  its  furface,  and  a 
greenifh  vitreous  covering  on  ihefupport  upon 
which  it  was  placed.; 

Though  thefe  experiments  clearly  prove  that 
ffl’ver-is  capable  of  combining  with  oxigene, 
the  difficulty  which  is  found  in  effecting  this 
combination,  and  the  facility  with  which  this 
ait*  is:  difengaged  from  the  oxides  of  (ilver, 
prove  that  there  is  little  affinity  between  thefe 
two  fubffiances. 

If  (liver  in  a (late  of  extreme  diviiion  be 
prefented  to  the  concentrated  and  boiling  ful- 
phuric  acid,  fulphureous  gas  is  difengaged: 
the  (liver  is  reduced  into  a white  matter,  which 
is  a true  oxide  of  (ilver ; and  contains  a fmall 
quantity  of  fulphate,  which  may  be  obtained 
in  frpall  needles,  or  in  plates  formed  by  the 
union  of  thefe  needles  lengthv/ays,  as  Mr.  De 
Fours roy  has  obfer v ed . This  fal t flows  by  h eat, 
and  is  very  fixed.  If  (ilver  be  precipitated  by 
metals  or  alkalis,  thefe  precipitates  are  redu- 
cible without  addition. 

The  nitric  acid  diffiolves  (ilver  with  rapidity : 
much  nitrous  gas  is  difengaged.  The  folution 
is  at  firft  blue  : but  this  colour  difappears  wffien 
the  filver  is  pure;  and  degenerates  into  a green 
colour,  if  it  be  alloyed  with  copper.  The  nitric 
2 acid 
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acid  is  capable  of  diffolving  more  than  half  its 
weight  of  filver.  The  folution  then  lets  fall 
cryftals  in  hexagonal,  triangular,  or  fquarc 
plates,  which  are  called  Nitrate  of  Silver,  Lunar 
Cryftals,  Lunar  Nitre,  &c. 

The  folution  of  thefe  cryftals,  generally 
known  by  the  name  of  Solution  of  Silver,  is 
very  cauftic.  It  colours  the  fkin  black,  burns 
the  epidermis,  and  fo  completely  deftroys  its 
organization,  that  the  fpot  difappears  only  by 
the  renewing  of  the  fkin. 

The  nitrate  of  filver  melts  on  burning  coals ; 
but  if  it  be  expofed  to  a gentle  heat,  in  earthen 
or  metallic  veftels,  it  liquefies,  and  may  then 
be  caft  in  moulds.  Thisfufed  nitrate  of  filver 
forms  the  lapis  infernalis.  Care  muft  be  taken 
to  pour  it  out  as  foon  as  it  is  fuled ; becaufe 
otherwife  the  acid  would  be  difengaged,  the 
filver  would  be  revived,  and  the  lapis  infer- 
nalis, or  lunar  cauftic,  would  lofe  its  virtue. 

Lapis  infernalis,  made  with  pure  filver,  and 
prepared  as  above  deferibed,  is  whitifh  ,•  whereas 
it  is  blackifti  when  fuffered  to  remain  in  fufion 
for  any  time. 

Lapis  infernalis  is  very  frequently  mixed 
with  nitrate  of  copper.  This  fraud  is  repre- 
henfible,  becaufe  it  is  an  alloy  which  renders 
wounds  of  a bad  character. 


The 
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The  lapis  infernalis  is  ufed  as  an  efcharotic, 
and  to  corrode  fungous  excrefcences. 

Silver  may  be  precipitated  from  its  folution 
by  lime-water,  alkalis,  and  feveral  metals. 
Thefe  laft  exhibit  very  important  phenomena. 

1.  A plate  of  copper,  immerfed  in  a folution 
of  filver  diluted  in  water,  precipitates  the 

tal.  It  adheres  at  the  moment  of  precipitation 
to  the  furface  of  the  copper,  where  it  forms  a 
kind  of  mofs.  In  proportion  as  the;  filver  is 
precipitated  the  water  affumes  a blue  tinge  $ 
which  proves  that  the  copper  is  diffol  ved  in  the 
nitric  acid,  in  the  room  of  the  filver.  When 
the  whole  of  the  filver  is  difengaged,  the  water 
is  ta be  decanted,  the  filver  dried,  and  fufed  in 
crucibles,  to  be  caft  into  ingots.  This  filver 
almoft  always  retains  a fmail  quantity  of  cop- 
per 5 of  which  it  may  be  deprived  by  cupelia- 
tion  with  lead,  which  renders  the  filver  pure: 
this  procefs  is  ufed  in  the  mints,  where  the 
parting  operation  of  gold  from  filver  is  per- 
formed. The  firft  ftep  confifts  in  feparating 
the  filver  by  means  of  nitric  acid ; and  this  is  af- 

2.  The  filver  is  iikewife  precipitated  by  mer- 
cury. In  this  operation  it  amalgamates  with  a 
fmail  quantity  of  the  mercury,  and  forms  tetra- 
hedral cryftals  terminated  by  a tetrahedral  py- 

Vol.  II.  F f ramid 
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ramid,  which  cryftals  are  articulated  into  each 
other.  This  arrangement  gives  them  the  form 
of  a vegetation ; and  has  caufed  the  precipitate 
to  be  known  by  the  name  of  the  Tree  of  Diana, 
Arbor  Dianne.  Lemery,  Homberg,  and  other 
chemifts,  have  fucceflively  publiffred  proceffes 
to  produce  this  phenomenon  ; but  that  which 
has  lucceeded  beft  in  my  hands,  is  deferibed  by- 
Mr.  Baume.  Six  gros  of  the  folution  of  filver 
and  four  of  that  of  mercury,  both  well  faturated, 
are  taken,  and  diluted  with  five  ounces  of  dif- 
tilled  water.  Thefe  are  to  be  put  into  a coni- 
cal veffel;  and  an  amalgam  of  feven  parts  of 
mercury,  and  one  of  filyer,  is  to  be  poured  in. 
A multitude  of  fmall  cryftals  inftantly  appear 
to  difengage  themfelves  from  the  furface  of  the 
amalgam,  upon  which  new  ones  articulate 
themfelves ; and  a vegetation  is  produced, 
which  perceptibly  rifes  under  the  eye  of  the 
fpeclator.  To  render  this  phenomenon  more 
ftriking,  I decant  the  exhaufled  water, and  fub- 
ibitute  frefh ; by  this  means  1 can  fill  any  veffel 
whatever  w ith  thefe  yegetations.  The  mercury 
amalgamated  with  the  filver,  in  this  operation,, 
may  be  feparated  by  means  of  fire. 

. The  muriatic  acid. does  not  diffolve  filver,. 
hut  it-  fpeedily  diffolves  its  oxides.  The  oxi- 
gen^ted  muriatic  acid  diffolves  filver.  ; 
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To  produce  a certain  and  fpeedy  coinbina- 
tion  of  the  muriatic  acid  with  filver,  this  acid 
is  to  be  poured  into  a folution  of  the  nitrate 
of  filver.  A precipitate  immediately  falls 
down,  which  is  known  by  the  name  of  Luna 
Cdrnea.  This  muriate  of-filver  is  very  fufible; 
and  runs  into  a greyand  tranfparent  fubftance, 
considerably  refembling  horn.  If  a flronger 
degree  of  heat  be  applied,  it  is  decompofed, 
'part  is  volatilized,  and  the  other  part  reduced 
nnto  (liver. 

:::The  murfate  nf  filver,  expofed  to  the  light 
of  the  fun,  becomes  brown  in  a fnort  time. 
Oxigenous  gas  is  difengaged;  whith  may  be 
colledfed'  by  placing  it  under  water,  according 
to  the  procefs  of  Mr-.  Bethollet.  Moft  of  the 
'foluttons  of  the  metals  have  the  fame  property, 
^uhar’mtre  likewife  becomes  coloured,  and 
emits  its  oxigene  and  nitrous  gas^ 

One  pound  of  boiling  water  does  not  dif- 
fblve  more  than  three  or  four  grains  of  mu- 
riate of  filver,  according  to  the  bbfervation  of 
Mr.  Monet.  The.  alkalis  are  caoable  of  de- 

r 

eom  poking  the  muriafe  of  filver,  and  feparatihg 
the  metal . The  fil  ver  may  be  difengaged  from 
its  muriate  by  fulion  with  three  parts  of  bladk 
flux.  '•  ' ' 

Mr.  Berthollct;  has  tauernt  us  theibllowinc 
h t 2 procefs. 
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procefs,  to  form  the  molt  dreadful  and  the  moft 
aftonifhing  fulminating  powder  we  have  yet 
been  acquainted  with.  Take  fine  filver  of  cu- 
pellation;  dilfolvc  it  in  the  nitric  acid;  preci- 
pitate this  folution  by  lime-water;  decant  the 
water,  and  expofe  the  oxide  for  three  days  to 
the  air.  Mr.  Berthollet  is  of  opinion  that  the 
prefence  of  light  has  fome  influence  in  the  fuc- 
cefs  of  this  experiment. 

Mix  this  dried  oxide  in  ammoniac,  or  vola- 
tile alkali,  and  it  will  afliime  the  form  of  a 
black  ppwder:  decant  the  fluid,  and  leave  the 
powder  to  dry  in  the  open  air.  This  is  the 
Iifi  1 mi  nat  i ng  fi  1 v e r . 

Gunpowder,  and  even  fulminating  gold  it- 
felf,  cannot  be  compared  with  this  new  pro- 
duct:. The  contact  of  fire  is  neceffary  to  caufe 
gunpowder  to  detonate;  and  a determinate  de- 
gree of  heat  is  required  to  caufe  fulminating 
gold  to  fulminate:  but  the  contadl  of  a cold 
body  is  fufficient  to  produce  the  detonation  of 
fulminating  lilve;r.  In  a word,  this  product, 
once  obtained,  can  no  longer  be  touched:  no 
attempts  muff  be  made  to  inclofe  it  in  a bottle, 
but  it  muft  be  loft  in  the  capfule  wherein  the 
evaporation  was  performed. 

It  is  ufelefs  to  obferve,  that  the  fulmination 
ought  not  to  be  attempted  but  with  fmall 

quantities; 
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quantities ; the  weight  of  a grain,  for  example : 
for  a larger  mafs  would  give  rife  to  a danger- 
ous detonation.  The  neceflity  of  making  this 
preparation  with  the  face  covered  with  a mafk 
with  glafs  eyes,  may  be  eafily  conceived.  It  is 
prudent  to  try  the  fulminating  filver  in  fmali 
metallic  capfules. 

The  following  experiment  will  complete 
the  notion  which  ought  to  be  formed  of  the 
fulminating  property  of  this  preparation. 

Take  the  ammoniac  which  was  ufed  in  the 
converfion  of  the  oxide  of  filver  into  the  black 
precipitate  which  forms  fulminating  filver;  put 
this  ammoniac  into  a fmali  mattrafs  of  thin 
glafs,  and  let  it  be  fubjeded  to  the  degree  of 
ebullition  nccefTary  to  complete  the  combina- 
tion. Take  the  mattrafs  from  the  fire,  and  a 
rough  covering  of  cryilals  will  be  formed  on 
its  internal  furface  which  is  beneath  the  fluid. 
If  one  of  thefe  cryffals  beneath  the  cold  fluid 
be  touched,  an  explofion  takes  place  which 
breaks  the  mattrafs. 

The  procefs  for  obtaining  fulminating  filver 
being  defcribed,  its  effeds  known,  and  the 
cautions  neceffary  for  repeating  the  experiment 
being  well  afcertained,  we  {hall  fpeak  a word 
concerning  the  theory  of  the  phenomenon  ; it  is 

the 
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the  fame  as  that  of  fulminating  'gold,  laid  down 
by  Berthollet. — See  the  Memoirs  of  the  Royal 
Academy  of  Sciences  for  the  year  1785. 

In  this  operation,  the  oxigene,  which  ad- 
heres very  (lightly  to  the  fil  ver,  combines  with 
the  hydrogene  of  the  ammoniac.  From  the 
combination  of  the  oxigene  and  the  hydrogene, 
water  in  the  Fate  of  vapour  is  produced.  This 
water,  inFantly  vaporized,  and  poffeFing  all 
the  elaflicity  and  expanfive  force  of  that  Fate, 
is  the  principal  ctnife  of  the  phenomenon;  in 
which  the  nitrogene,  which  is  difengaged  from 
the  ammoniac,  with  its  whole  expanFbiiity, 
like  wife  bears  a principal  part. 

After  the  fu  Imitation,  the  filveris  found  re- 
duced, or  revivified  ; that  is  to  fay,  it  has  re- 
fumed its  metallic  Fate.  It  again  becomes 
the  fame white,  brilliant,  and  pure  metal  which 
it  was  when  taken  out  of  the  cupel. 

The  principal  ufe  of  Fiver  is  in  coinage,  as 
the  reprefentative  Fgh  of  the  value  of  other 
commodities. 

Its  metallic  brilliancy  has  caufed  it  to  be 
adopted  as  an  ornament  ; its  hardnefs,  and  un- 
changeabienefs  in  the  air,  render  it  very  va- 
luable. 

It  is  alloyed  with,  copper  to  form  folder  ; 

whence 
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whence  it  happens  that  filver  utenfils  are  fub- 
jecd  to  rud  and  verdigris,  at  the  places  where 
they  are  foldered. 


OLD  is  the  mod  perfect,  the  mod  duc- 


tile, the  mod  tenacious,  and  the  mod 
unchangeable  of  all  the  known  metals.  A cu- 
bic foot  of  pure  gold,  cad  and  not  hammered, 
weighs  1348  pounds;  and  its  fpecific  gravity 
is  19,2581. — See  Bridbn. 

Gold  has  neither  fmell  nor  tade  ; its  colour 
is  yellow,  and  this  varies  according  to  the  pu- 
rity of  the  metal. 

1.  As  Gold  is  fubjecd  to  very  little  alteration, 
it  is  almod  always  found  in  the  native  date; 
and  under  this  form  it  exhibits  the  following 
varieties: — 1.  It  is  found  in  octahedrons  in  the 
gold  mines  of  Boitza  in  Tranfylvania.  Thefe 
octahedrons  are  fometimes  truncated  in  fuen  a 


CHAP.  XIV. 
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manner  as  to  have  the  appearance  of  hexagonal 
plates.  This  native  gold  is  alloyed  with  a fmall 
quantity  of  filvcr;  which,  according  to  Mr. 
Sage,  gives  it  a pale  yellow  colour.  It  has 
likewife  been  found  cryftallized  in  tetrahedral 
prifms,  terminated  by  four-fided  pyramids. 
The  amalgam  made  with  certain  precautions  is 
likewife  capable  of  caufing  gold  to  alTume  a 
form  nearly  fimilar,  according  to  Mr.  Sage; 
and  gold  reduced  by  phofphorus  fometimes 
exhibits  octahedral  cryftals. 

Gold  likewife  cryfiallizes  by  fufion.  Meffrs. 
Tillet  and  Mongez  obtained  it  in  fhort  qua- 
drangular pyramids. 

2.  Native  gold  fometimes  exhibits,  fibres  or 
filaments  of  various  lengths ; it  is  likewife 
found  in  plates  diffeminated  on  a gangue.  The 
gold  ore  of  Lagardet,  a few  leagues  diftant 
from  Allemont  in  Dauphiny,  is  of  this  kind. 
3.  Gold  is  likewife  found  fometimes  in  fmall 
plates  or  fpangles,  difperfed  in  fand  or  earths: 
under  this  form  it  is  found  in  the  auriferous 
rivers,  fuch  as  the  Ariege,  the  Ceze,  the  Gar- 
don,  the  Pvhone.  Thefe  fmall  plates  are  fome- 
times one  line  in  diameter,  but  moil  commonly 
too  fmall  to  be  feen  by  the  naked  eye.  4.  Gold 
is  fometimes  found  in  irregular  mafies ; in 
which  infiance  it  is  known  by  the  n$me  of 

Gold 
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Gold  Duft.  Very  large  pieces  of  this  kind  arc 
found  in  Mexico  and  Peru. 

2.  Gold  is  fometimes  mineralized  by  fulphur, 
by  the  means  of  fire.  The  auriferous  pyrites 
are  frequently  found  in  Peru,  Siberia,  Sweden, 
Hungary,  &c.  To  afcertain  whether  a pyrites 
contains  gold  or  not,  it  mull  be  pounded,  and 
nitric  acid  poured  upon  it  until  it  takes  no- 
thing more  up.  This  folution  muft  then  be 
diluted  with  much  water.  The  lighted  info- 
luble  parts  may  be  carried  off  by  walkings ; 
and  the  refidue,  upon  examination,  will  fhew 
whether  it  contains  gold  or  not. 

When  the  martial  pyrites  is  decompofed, 
the  gold  is  always  difengaged;  and  it  is  pro- 
bable that  the  fmall  plates  of  gold  in  the  auri- 
ferous rivers  are  afforded  by  a deco  mpo  fit  ion 
of  this  kind. 

Gold  is  fometimes  mineralized  with  fulphur, 
with  the  affiftance  of  zinc,  as  in  the  gold  mine 
of  Nagyag.  This  ore  likewife  contains  lead, 
antimony,  copper,  filver,  and  gold. 

3.  Mr.  Sage  has  given  a defeription  and  ana- 
lyfis  of  an  arfenical  ore  of  gold. 

4.  Gold  likewife  exifts  naturally  in  vege- 
tables. Becher  obtained  it.  Henckel  affirmed 
that  they  contain  it ; and  Mr.  Sage  has  re- 
fumed  this  enquiry,  and  found  it  according  to 

the 
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the  following  table,  which  expreflcs  the  quan- 
tities of  gold  obtained  from  the  quintal  of  the 


feveral  earths. 

Ounce.  Gros.  Grains. 

Rotted  manure  (terreau) 

O I 56 

Earth  of  uncultivated  ground  ) 

(terre  de  Bruyere)  ) 

O 2 36 

Garden  mould 

O 

O 

Mould  of  a kitchen  garden  maq 

nured  with  dung  yearly  for> 
fixty  years  - ) 

i 3 4° 

Thefe  refults  were  at  firfl  contefled  ; but  at 
prefent  it  appears  to  be  generally  agreed  that 
gold  is  obtained,  but  in  a lefs  quantity.  Mr. 
Berthollet  obtained  forty  grains  and  eight 
twenty-fifths  of  gold  in  the  quintal  of  afhes. 
MefTrs.  Rouelle,  Darcet,  and  Deyeux  likevvife 
obtained  it. 

It  is  therefore  a phylical  fadt,  that  gold  exifts 
in  vegetables. 

The  method  of  working  the  ores  of  gold  is 
nearly  the  fame  as  that  ufed  with  filver  ores. 
When  the  gold  is  in  a native  ftate,  nothing 
more  is  required  than  to  divide  the  ore  by  the 
pounding  mill,  and  afterwards  to  wafh  and 
amalgamate  it.  If  the  ore  be  mineralized,  it 
is  torrefied,  pounded,  wafhed,  fufed  with  lead, 
and  afterwards  cupelled.  Eliquation  is  like- 
tvife  ufed  for  poor  ores. 


Thofe 
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Thofe  perfons  who  explore  the  gold  in  fmall 
plates  dilfeminated  in  the  land  of  certain  rivers, 
are  known  in  France  by  the  name  of  OrpaiL 
leurs,or  Pailloteurs.  The  pailloteurs  of  theriver 
Uze,  after  having  afcertained  that  the  earth  is 
fufficiently  rich  to  be  wrought,  place  a table  Gf 
feveral  feet  in  length,  and  about  a foot  and  a 
half  in  width,  on  the  banks  of  the  river,  with 
ledges  round  three  of  its  lides.  Pieces  of  fluff 
with  a long  nap  are  nailed  on  to  this  board ; 
and  the  fand  is  thrown  upon  it,  and  wafhed,  to 
carry  away  the  lighter  particles.  When  the 
fluff  is  fufficiently  charged  with  the  fmall  par- 
ticles of  gold,  it  is  fhaken  into  a veffel,  agitated 
with  water,  to  carry,  off  the  lighted;  fand,  and 
afterwards  amalgamated  with  mercury.*  Mr, 
Ell  has  given  us  an  ample  account  of  the  pro- 
cefs  ufed  in  working  gold  ores  in  Spanilli 
South  America.  A fufficient  quantity  of  water 

* For  a very  full  account  of  the  treatment  of  auriferous 
fands,  the  following  works  may  be  confulted  : — i.  The  Me- 
moir of  Mr.  Reaumur  on  the  Auriferous  Sands  of  France, 
printed  among  thofe  of  the  Academy  for  the  year  1718. 
2.  The  Memoir  of  Mr.  Guetard  on  the  Ariege,  inferted  in  the 
volume  for  1761.  3.  The  Memoir  upon  the  Gold  which  is 

obtained  from  the  Ariege  in  the  county  of  Foix,  by  the  Ba- 
ron de  Dietrich.  In  this  laft  work,  the  various  precedes  are 
difculfed;  and  this  celebrated  mineralogift  propofes  others 
more  cccononjical  and  advantageous. 

is 
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is  procured  to  wafh  them.  A flream  is  made  to 
carry  off  the  earth,  and  every  lighter  fub- 
ftance.  Negro  (laves,  difperfed  on  the  banks, 
throw  in  frefh  earth;  while  others,  (landing  in 
the  brook,  work  it  about  with  their  feet  and 
hands.  Care  is  taken  to  lay  pieces  of  wood 
acrofs  the  current  of  the  wrater,  to  retain  the 
lighter  particles  of  the  metal.  This  work  is 
continued  for  a month,  and  even  for  years  to- 
gether. When  it  is  propofed  to  terminate  it, 
the  water  is  turned  off;  and  then,  in  prefence  of 
the  mafter,  the  workmen  take  up  the  fand  with 
wooden  veffels,  in  the  form  of  (hallow  funnels, 
of  one  foot  in  diameter,  at  the  bottom  of  which 
is  an  aperture  of  one  inch  in  width.  This  difh 
is  filled  with  fand ; and  by  a circular  motion 
the  lighter  fubftances  are  caufed  to  flow  off, 
while  the  heavier  fettle  to  the  bottom.  The 
platina  is  afterwards  feparated  grain  by  grain, 
with  the  blade  of  a knife,  upon  a fmooth 
board.  The  rell  is  amalgamated,  firfl:  by  work- 
ing with  the  hands,  and  afterwards  with  a 
wooden  peftle  in  mortars  of  guaiacum  wood  ; 
after  which  the  mercury  is  feparated  from  the 
gold  by  fire. 

The  Baron  de  Born  has  reduced  the  method 
of  working  all  the  ores  of  fllver  and  gold  to  one 
Angle  procefs.  The  account  whiQh  he  has  given 

of 
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of  this  procefs  in  his  work,  may  be  reduced  to 
the  following  operations  : 

1.  The  mineral  is  pounded,  divided,  and 
lifted. 

2.  It  is  properly  roafied. 

3.  It  is  mixed  with  muriate  of  foda,  water, 
and  mercury;  and  agitation  is  ufed  to  facilitate 
the  amalgamation. 

4.  The  mercury  is  exprefied  from  the  amal- 
gam. 

5.  The  exprefied  mercury  is  expofed  to  dif- 
filiation. 

6.  The  filver  is  refined  by  the  cupel. 

Thefe  operations  were  firft  executed  at 

Schemnitz  in  Hungary,  and  afterwards  at 
Joachimftal  in  Bohemia,  in  the  prefence  of 
the  greateft  mineralogifls  in  Europe,  fent  thi^ 
ther  by  the  various  fovereigns  of  Europe. 

The  muriate  of  foda  is  ufed  to  decompofe 
the  fulphates  produced  by  the  calcinations. 

To  determine  the  finenefs  of  gold  with  ac- 
curacy, the  purefi:  is  fuppofed  to  be  twenty- 
four  carats,  and  thefe  carats  are  divided  into 
thirty-fecond  parts;  the  carat  is  always  repre- 
fented  by  a grain  poids  de  marc. 

The  law  directs  the  operations  to  be  per- 
formed upon  twenty-four  grains  of  gold,  to- 
lerates twelve,  and  prohibits  fix,  on  account 

of 


446  Parting  Affay  of  Gold . 

of  the  difficulty  of  appreciating  the  divifions 
which  refult  from  thefe  fmall  quantities. 

In  the  parting  affay,  very  pure  filver  muff  be 
made  ufe  of.  This  is  mixed  with  the  gold  in 
the  proportion  of  four  to  one,  which  has  occa- 
fioned  the  name  of  Ouartation  to  be  given  to 
the  procefs.  Mr.  Sage  has  found  that  two 
parts  and  a half  of  filver  to  one  of  gold  form 
the  mixture  moff  nroo.er  for  making  the  cornet 
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of  affay.  The  two  metals  are  wrapped  up  in  a 
thin  piece  of  lead  four  times-  the  weight  of  the 
gold,  and  this  mixture  is  put  into  the  cupel 
when  it  is  very  hot.  Tfee  refult  of  the  cupellation 
is  a button  containing  fine  gold  and  fine  filver. 
This  is  flattened,  lame'Uated,  and'  rolled  up  in& 
a fpiral ; put  into!  a fmall  mattrafs,  and  fix  grds 
or  drams  of  pure  nitric  acid,  at  thirty-tw  o de- 
grees of  concentration,  are  poured  on  it.  As 
foon  as  the  mattrafs  is  heated, the  metal  becomes 
brown,  the  filver  is  diffolved,  and  nrtucti  red 
Vapours  are  difcOgaged.  At  the  end  of  fifteen 
minutes  the  Tolu t ion  ii  decanted  j.aiid  an  ounce 
of  very  pure  acid,  rather  more  concentrated,  is 
poured  on,  to  carry  away  the  laff  portions  of 
filver.  This  fdltitidn  is  decanted,  after  a digef- 
tion  of  fifteen  or  twenty  minutes;  at  which 
period  warm  water  is  added,  and 'the  cornet  is 
waffled  until  the  water  comes  off  taffelefs.  It  is 
2 then 
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then  dried  in  a crucible,  weighed,  and  the  fine- 
nefs  judged  by  the  diminution  of  its  weight. 

Schindlers  and  Schutler  have  maintained, 
that  gold  always  retains  a fmall  quantity  of 
filver,  which  they  have  called  the  Interhalt,  or 
Surplus.  Mr.  Sage  found  a fixty-fourth  part 
of  a grain  in  the  belt  conducted  allay. 

In  order  to  feparate  the  111 ver  which  is  dif- 
folved  in  the  nitric  acid,  this  folution  is  diluted 
with  a confiderable  quantity  of  water,  and  flat 
pieces  of  copper  are  plunged  in  it;  which  pre- 
cipitate the  filver,  as  we  have  obferved  in 
treating  of  the  folution  of  filver. 

Gold,  expofed  to  fire,  becomes  red-hot 
before  it  melts.  When  melted  it  fuffers  no 
alteration. * Kunckel  and  Boyle  kept  it  in  a 
glafs-houfe  furnace  for  feveral  months  without 
change. 

-•  Homberg  has  neverthelefs  obferved  that  this 
metal,  expofed  to  the  focus  of  the  lens  of 
Tfchirnaus,  fmokcd,  was  volatilized,  and  even 
vitrified  in  part.  Mr.  Macquer  has  verified 
this  obfervation  by  the  mirror  of  Mr.  De  Tru- 
daine;  he  obferved  the  gold  fume,  become 
volatilized,  and  covered  with  a dull  pellicle, 

* Gold,  when  fufed  by  a flrong  heat,  is  of  a beautiful 
green  colour  during  th-e  fulion.  T. 
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which  conflituted  a violet-coloured  oxide  to- 
wards the  middle. 

Gold  is  not  attacked  by  the  fulphuric  acid. 

The  nitric  acid  appears  to  have  a reaiadion 
upon  it.  Brandt  is  the  ftrfl  who  announced  the 
folution  of  gold  by  this  acid.  The  experiments 
were  made  in  the  prefence  of  the  King  of  Swe- 
den, and  verified  by  his  Academy.  MefTrs. 
Scheffer  and  Bergmann  have  confirmed  the  af- 
fertion  of  Brandt;  and  Mr.  Sage  afterwards 
publifhed  a feries  of  experiments  on  this  fub- 
jed:.  I am  convinced,  from  my  own  experi- 
ments, feveral  times  repealed,  that  the  pureft 
nitric  acid  attacked  gold  in  the  cold,  and  dif- 
folved  a fixty-fourth  part  of  a grain.  When 
very  pure  nitric  acid  is  boiled  upon  gold  equal- 
ly pure,  the  folution  may  be  afcertained  in  three 
ways — i.  By  the  diminution  of  the  weight  of 
the  metal.  2.  By  evaporation  of  the  acid;  ia 
which  cafe  a purple  fpot  remains  at  the  bottom 
of  the  evaporatory  veffel.  3.  By  the  parting 
operation,  by  means  of  a plate  of  filver  put  into 
the  liquor.  In  this  cafe  black  flocks  are  in  a 
fhort  time  difengaged,  which  confift  of  the 
gold  itfelf.  Thefe  phenomena  appear  to  an- 
nounce a true  folution;  and  not  a fimple  divi- 
fion  or  fufpenfion,  as  was  fuppofed. 

The  quantity  of  gold  diffolved  appeared  to 
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me  to  vary  according  to  the  ftrength  of  the  acid, 
the  time  of  the  ebullition,  and  the  thicknefs  of 
the  metallic  body. 

The  nitro-muriatic  acid,  and  the  oxigenated 
muriatic  acid,,  are  the  true  folvents  of  gold. 
Thefe  acids  attack  it  with  greater  energy  in  pro- 
portion as  they  are  more  concentrated,  and  as 
thefurface  of  the  gold  is  larger.  The  folution 
may  like  wife  be  accelerated  by  heat. 

This  folution  has  a yellow  colour,  is  cauftic, 
and  tinges  the  fkin  of  a purple  colour.  If  it 
be  properly  concentrated,  it  affords  yellow  cry-f- 
tals,  refembling  topazes,  which  affed  the  form 
of  truncated  oefahedrons.  Thefe  cryftals  are 
a true  muriate  of  gold,  according  to  Meffrs. 
Bergmann,  Sage,  &c.  If  the  folution  of  gold 
be  diftilled,  a red  liquor  is  obtained,  which 
confifis  of  the  muriatic  acid,  coloured  by  a 
fmall  quantity  of  gold  which  it  has  carried 
over.  This  fluid  was  diflingui (lied  by  the 
adepts  under  the  name  of  Red  Lion. 

Gold  may  be  precipitated  from  its  folution 
of  feveral  colours,  according  to  the  nature  of 
the  fubftances  employed  to  make  the  precipi- 
tation. Gold  is  precipitated  by  lime  and  mag-* 
yefia  in  a yellow  powder,  in  which  the  gold 
exifls  nearly  in  the  metallic  flate;  a flight  de- 
Vol.  II.  Gg  gree 
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grce  of  heat  only  being  neceflary  to  convert  it 
to  that  ftate. 

The  alkalis  likewife  precipitate  gold  in  the 
form  of  a yellowifh  powder ; and  the  preci- 
pitate is  foluble  in  the  fulphuric,  nitric,  and 
muriatic  acids.  Thefe  concentrated  folutions 
fuller  the  gold  to  precipitate;  cryftals  have  not 
been  obtained  from  them. 

If  ammoniac  be  poured  on  a yellowifh  folu- 
tion  of  gold,  the  colour  difappears  ; but,  at  the 
end  of  a certain  time,  fmall  flocks  are  difen- 
gaged,  which  become  more  and  more  yellow, 
and  gradually  fubfide  to  the  bottom  of  the  vef- 
fel.  This  precipitate,  being  dried  in  the  fhade, 
is  known  by  the  name  of  Fulminating  Gold ; a 
denomination  which  it  has  obtained  on  account 
of  its  property  of  detonating,  when  gently 
heated. 

Ammoniac  is  abfolutely  neceffary  to  pro- 
duce this  effedt. 

The  experiments  of  feveral  chemifts  have 
taught  us — i.  That  by  gently  heating  fulmi- 
nating gold  in  copper  tubes,  one  extremity  of 
which  was  plunged  in  the  pneumato-chemical 
apparatus  by  the  affiftance  of  a fyphon,  alka- 
line gas  is  obtained,  and  the  precipitate  is  de* 
prived  of  its  fulminatingproperty : this  fine  ex- 
periment 
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periment  was  made  by  Mr.  Berthollet.  2 . Berg- 
mann  has  obferved  that,  by  expofing  fulminat- 
inggold  to  a gentle  heat,  incapable  of  caufing 
it  to  fulminate,  it  becomes  deprived  of  that  pro- 
perty. 3.  When  the  gold  is  made  to  fulminate 
in  tubes  whofe  extremities  are  inferted  under  a 
velfel  filled  with  mercury,  the  product  is  nitro- 
gene  gas,  and  fome  drops  of  water.  4.  By  tri- 
turating fulminating  gold  with  oily  fubftances, 
it  is  deprived  of  its  property  of  fulminating. 

From  thefe  eftablifhed  fads,  it  is  evident  that 
fulminating  gold  is  a mixture  of  ammoniac  and 
oxide  of  gold.  When  this  mixture  is  heated, 
the  oxigene  is  difengaged  at  the  fame  time  with 
the  hydrogene  of  the  alkali.  Thefe  two  gafes 
take  fire  by  fimple  heat,  detonate,  and  produce 
water;  the  nitrogenegas  then  remaining  alone. 
From  thefe  principles  it  ought  to  follow,  that 
oily  fubfiances  which  combine  with  the  oxigene, 
acids  which  feize  the  alkali,  or  a gentle  and  long- 
continued  heat, which  volatilizes  the  two  princi- 
ples without  inflaming  them,  ought  to  deprive 
this  preparation  of  its  property  of  fulminating. 

The  nitrous  fulphur  which  Mr.  Baume  fup- 
pofed  to  be  formed,  in  his  explanation  of  this 
phenomenon,  does  not  exi A ; for  the  folution  of 
the  oxide  of  gold  by  the  fulphuric  acid,  when 
G g 2 preci- 
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precipitated  by  ammoniac,  affords  a fulmi- 
nating precipitate. 

Gold  is  precipitated  from  its  folution  by  fe- 
veral  metals,  fuch  as  lead,  iron,  filver,  copper, 
bifmuth,  mercury,  zinc,  and  tin.  This  laft 
precipitates  it  inftantly  in  the  form  of  a pow- 
der, diftinguifhed  by  the  name  of  the  Purple 
Powder  of  Caffius.  This  precipitate  is  much 
ufed  in  porcelain  manufactories.  Some  very 
good  obfervations  on  this  preparation  may  be 
feen  in  the  Dictionary  of  Macquer. 

Gold  may  like  wife  be  precipitated  from  its 
folution  by  ether:  this  liquor  feizes  the  gold  in 
a moment,  and  fometimes  inftantly  revivifies 
it.  1 have  feen  the  gold  form  a ftratum  at  the 
furface  of  the  liquor,  and  the  two  fluids  no 
longer  contained  a particle. 

The  fulphures  of  alkali  diflblve  gold  com- 
pletely. Nothing  more  is  neceflary  for  this 
purpofe,  than  quickly  to  fufe  a mixture  of 
equal  parts  of  fulphur  and  pot-afh  with  one- 
eighth  of  the  total  weight  of  the  gold  in  leaves. 
This  fubftance  may  then  be  poured  out,  pul- 
verized, and  diffolved  in  hot  water.  The  folu- 
tion has  a yellowifh  green  colour.  Stahl  affirms 
that  Mofes  diffolved  the  golden  calf  by  a firni- 
larprocefs;  and  that,  though  the  beverage  muff 

have 
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have  been  of  a difagreeable  tafte,  this  circum- 
Itance  was  an  additional  reafon  for  preferring 
the  method,  in  order  that  the  Ifraelites  might 
longer  retain  their  difguft  for  idolatry. 

Gold  unites  with  mod  of  the  metals. 

Arfenic  renders  it  brittle,  as  well  as  bifmuth, 
nickel,  and  antimony.  All  thefe  femi-metals 
render  it  white  and  eager. 

Gold  unites  very  well  with  tin  and  lead. 
Thefe  two  metals  deprive  it  of  all  its  dudtility. 

Iron  forms  a very  hard  alloy  with  gold, 
which  may  be  employed  to  much  greater  ad- 
vantage than  pure  gold. 

Copper  renders  it  more  fudble,  and  commu- 
nicates a reddifh  colour  to  it.  This  alloy  forms 
money,  gold,  plate,  and  toys. 

Silver  renders  it  very  pale.  This  alloy  forms 
the  green  gold  of  goldfmiths. 

Gold  is  employed  in  a variety  of  purpofes. 
It  is  entitled,  by  the  fird  rank  which  it  holds 
among  metals,  to  the  mod  noble  ufes. 

As  its  colour  is  agreeable  to  the  eye,  and  is 
not  fubject  to  tarnifh,  it  is  ufed  in  ornaments, 
or  as  toys ; for  which  purpofe  it  is  wrought 
into  a thoufand  forms. 

For  fome  purpofes  it  is  drawn  into  very  fine 
wire,  and  ufed  in  embroidery.  For  other  pur- 
pofes it  is  extended  into  leaves  fo  extremely 

thin, 
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thin,  that  the  flighted:  breath  of  wind  carries 
them  away:  in  this  form  it  is  applied  upon 
wooden  articles  by  means  of  flze. 

For  other  purpofes  it  is  reduced  into  a very 
fine  powder;  in  which  cafe  it  is  called  Ground 
Gold,  Shell  Gold,  Gold  in  Rags,  &c. 

The  ground  gold  is  prepared  by  levigating 
the  clippings  of  gold  leaf  with  honey,  wafhing 
them  with  water,  and  drying  the  particles 
which  fubfide. 

Shell  gold  confifls  of  ground  gold  mixed 
with  a mucilaginous  water. 

In  order  to  make  the  gold  in  rags,  pieces  of 
linen  are  fleeped  in  a folution  of  gold,  after- 
wards dried,  and  then  burned.  When  it  is  re- 
quired to  ufe  them,  a wet  cork  is  dipped  in 
wood  afhes,  and  rubbed  upon  fuch  articles  of 
filver  as  are  intended  to  be  gilded. 

For  fome  purpofes  it  is  amalgamated  with 
mercury.  This  amalgam  is  applied  upon  cop- 
per, the  furface  being  previoufly  well  cleared* 
It  muft  be  fpread  very  even,  and  the  mercury 
driven  off  by  heat.  This  forms  the  or  won  In. 

- A coating  of  gilders  wax  is  laid  over  the 
gold  thus  applied.  This  is  made  with  red  bole, 
verdigris,  alum*  and  fulp’nate  of  iron,  incor- 
porated and  fufed  with  yellow  wax,  The  piece 
is  heated  a fecond  time,  to  burn  oft  the  wax. 

Gold 
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Gold  was  formerly  ufed  in  medicine.  This 
remedy  was  much  in  fafhion  in  the  fifteenth 
century.  Its  goodnefs  has  at  all  times  been 
proportioned  to  the  dearnefs  of  the  drug.  Ber- 
nard de  PalifTy  exclaimed  ftrongly  againft  the 
apothecaries  of  his  time,  who  demanded  ducat 
gold  from  the  lick  to  put  into  their  medicines, 
under  the  pretence  that  the  purer  the  gold  the 
more  fpeedy  would  be  the  reftoration  of  the 
health  of  the  patient. 

As  this  metal  is  highly  valued,  the  rage  of 
forming  it  conftituted  a known  fed:,  under  the 
name  of  Alchemifts,  which  may  be  divided  into 
two  claffes.  The  one,  very  ignorant,  frequently 
unprincipled,  and  moil  commonly  uniting  both 
qualities,  fuffered  themfelves  to  be  impofed 
on  by  certain  phenomena,  fuch  as  the  increafe 
of  weight  of  metals  by  calcination,  the  precipi- 
tation of  one  metal  by  another,  and  the  yellow 
colour  which  fome  bodies,  and  certain  prepa- 
rations, affed.  They  grounded  their  notions 
on  certain  vague  principles  concerning  the 
formation  of  bodies,  their  common  origin, 
their  feeds,  &c. 

It  is  this  fed  which  has  caufed  alchemy  to  be 
defined,  ars  fine  arte>  cujus  principium  ejl  mentiri> 
medium  labor  are  > tertium  mendicare . Thefe  alche- 
mifts, after  having  been  themfelves  the  dupes 

for 
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for  a confiderable  time,  always  endeavoured  to 
impofe  on  others;  and  there  are  a thoufand 
tricks  and  impofitions  related  of  thisclafs  of  men, 
which  deferves  only  to  be  defpifed  and  pitied. 

There  is  another  clafs  of  alchemifts  which 
does  not  deferve  to  be  made  the  objedt  of  pub- 
lic derifion  and  contempt.  This  is  formed  of 
celebrated  men,  who,  grounding  their  ideas  on 
the  received  principles,  have  directed  their 
refearches  towards  this  objedt.  This  clafs  of 
men  is  valuable  on  account  of  their  genius, 
probity,  and  conduct.  They  have  formed  a 
language,  held  fcarcely  any  communication 
but  with  each  other,  and  have  at  all  times  dif- 
tinguifhed  themfelves  by  their  auftere  man- 
ners, and  their  fubmiflion  to  Providence.  The 
celebrated  Becher  is  a name  which  alone  fuf- 
fices  to  render  this  fedt  refpedtable.  The  fol- 
lowing paffage,  extradted  from  Becher,  exhi- 
bits an  idea  of  their  language,  and  manner  of 
proceeding  in  this  ftudy. 

cc  Fac  ergo  ex  luna  et  foie  mercuries,  quos 
cum  primo  ente  fulphuris  praecipita,  praecipi- 
tatum  philofophorum  igne  attenua,  exalta,  et 
cum  Tale  boracis  philofophorum  liquefac  et 
fige  donee  fine  fumo  fluat.  Quae,  licet  breviter 
didta  fint,  longo  tamen  labore  acquiruntur  et 
itinere,  ex  arenofo  namque  terreflri  Arabico 

mari, 
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mari,  in  mare  rubrum  aqueum,  et  ex  hoc  in  bu 
tuminofum  ardens  mare  mortuum  itinerandum 
eft,  non  fine  fcopulorum  et  voraginum  peri- 
culo,  nos,  Deo  lint  laudes,  jam  appulimus  ad 
portum.”  Bccher,  Phyf.  Sub.  i.  f.  v.  cap.  iii. 
page  461.  in  8vo.  And elfewhere,  <f  Concludo 
enim,  pro  thefi  ftrmiftima,  afinus  eft  qui  con- 
tra alchymiam  loquitur,  fed  ftultus  et  nebulo 
qui  illam  practice  venalem  exponit.” 

The  enlightened  alchemifts  have  enriched 
chemiftry  which  moft  of  the  products  which 
were  known  before  the  late  revolution.  Their 
knowledge  and  their  indefatigable  ardour  put 
them  in  the  fituation  of  profiting  by  all  the  in- 
terefting  facts  which  offered  themfelves. 

God  forbid  that  I fhould  induce  any  perfon 
to  enter  into  this  path.  I would  ufe  every  effort 
to  prevent  any  one  from  engaging  in  this  re- 
fearch,  fo  full  of  difappointment,  and  fo  danger- 
ous to  attach  the  mind  to  it.  But  I am  of  opi- 
nion that  the  alchemifts  have  been  too  lightly 
treated  ; and  that  this  fecft,  which  on  many  ac- 
counts is  worthy  of  commendation,  has  not 
received  the  efteem  and  gratitude  it  is  enti- 
tled to. 

In  addition  to  thefe  reafons,  I muft  obferve 
that  chemical  phenomena  become  fo  wonderful, 
the  torch  of  analyfis  has  enlightened  us  to  fuch 
an  extent,  we  now’  decompofe  and  reproduce 

fo 
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fo  many  fubflances,  which  ten  years  ago  were 
confidered  with  equal  probability  as  indecom- 
pofable  as  gold  is  now  thought  to  be,  that  no 
chemift  can  take  upon  him  to  affirm  that  we 
may  not  arrive  at  the  art  of  imitating  nature  in 
the  formation  of  metals. 


C H A P.  XV. 

Concerning  Platina . 

WE  were  unacquainted  with  platina  until 
the  year  1748.  It  is  to  Don  Antonio 
Ulloa,  who  accompanied  the  French  Academi- 
cians in  their  famous  voyage  to  Peru,  to  deter- 
mine the  figure  of  the  earth,  that  we  are  in- 
debted for  our  firft  notions  of  this  metal. 

Charles  Wood,  who  had  himfelf  brought 
this  metal  from  Jamaica,  made  experiments 
upon  it,  which  are  related  in  the  Philofophicai 
Tranfactions  for  the  year  1749  and  1750. 

Since  that  time  all  the  chemifts  in  Europe 
procured  this  metal.  MelTrs.  Scheffer  in  Swe- 
den, Lewis  in  England,  Margraaff  in  Pruffia, 

Macquer, 
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Macquer,  Baume,  De  Buffon,  De  Milly,  Dc 
Lille,  De  Morveau,  have  fucceffively  made  re- 
learches  on  this  fubftance  ; and  we  are  indebted 
for  great  part  of  our  prefent  knowledge  of  this 
metal  to  the  Baron  de  Sickengen. 

Platina  has  hitherto  been  found  only  in  the 
metallic  ftate.  Its  form  is  that  of  fmall  grains, 
or  flattened  plates,  of  a livid  white  colour,  in- 
termediate between  that  of  filver  and  iron:  it 
is  from  this  colour  that  it  derived  its  name  of 
Platina,  or  Little  Silver.  If  the  grains  of  pla- 
tina be  carefully  examined,  it  is  found  that 
fome  of  them  are  rounded,  and  others  angular. 

It  has  been  found  among  the  auriferous  fands 
of  South  America,  near  the  mountains  of  the  dif- 
rriffs  of  Novitaand  Cytara.  Thefe  two  metals 
are  almoft  conflantly  accompanied  by  a ferru- 
ginous fand  obedient  to  the  magnet.  The  pla- 
tina of  commerce  ufually  contains  a fmall  quan- 
tity of  mercury,  ariflng  from  the  amalgamation 
which  the  ore  has  undergone  in  extracting  the 
gold.  When  it  is  required  to  have  platina  in  a 
very  pure  ftate,  it  mull  be  expofed  to  heat,  to 
drive  off  the  mercury ; and  the  magnetical  parts 
and  the  iron  muft  be  forted  out  with  the  magnet. 
Platina  itfelf  is  flightly  attracted  by  the  mag- 
net. M.  L.  affirms,  in  a Memoir  read  to  the 
Academy  of  Sciences  at  Paris  in  the  year  1*785, 

that 
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that  the  lighter  pieces  of  platina  only  are  at- 
tradfed  by  the  magnet,  and  that  they  ceafe  to  be 
adled  on  when  they  exceed  a certain  fize. 
The  largeft  piece  of  platina  which  has  been 
feen,is  of  the  fize  of  a pigeon’s  egg.  It  muff  be 
in  the  pofTeflion  of  the  Royal  Society  at  Bifca. 

M.  L.  affirms  that  platina  is  malleable  in  its 
natural  (fate;  and  he  paired  it  through  the  flat- 
ting mill  in  the  prefence  of  Meflrs.  Tillet  and 
Darcet. 

Platina  undergoes  no  alteration  by  expofurc 
to  the  air;  and  fire  alone  does  not  even  appear 
to  poffefs  the  power  of  changing  it.  Meflrs. 
Macquer  and  Baume  kept  it  feveral  days  in  a 
glafs-houfe  furnace,  without  its  grains  having 
iufFered  any  other  change  than  that  they  were 
(lightly  agglutinated.  It  has  neverthelefs  been 
afcertained  that  heat,  kept  up  for  a long  time, 
tarnifhes  its  furface,  and  increafes  its  weight. 
Margraaff  formerly  made  this  obfervation. 

Platina,  expofed  to  the  focus  of  the  burning 
mirror  of  Mr.  Trudaine,  fumes  and  melts. 
This  metal  may  be  hammered  like  gold  and 
filver.  It  may  likewife  by  fufed  upon  charcoal, 
by  the  afliftance  of  oxigenous  gas.  This  fub- 
flance  refifts  the  adiion  of  the  acids,  fuchasthe 
fulphuric,  the  nitric,  and  the  muriatic  acids ; it 
is  foluble  only  in  the  oxigenated  muriatic  and 

the 
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the  mtro -muriatic  acids.  One  pound  of  the 
latter,  digefted  on  an  ounce  of  platina,  firft  af- 
fumes  a yellow  colour,  then  an  orange  colour, 
and  laftly  a very  obfcure  brown.  This  folution 
tinges  animal  fubflances  brown ; it  fponta- 
neoufly  depofits  fmall  irregular  fawn-coloured 
cryftals;  but,  if  it  be  concentrated,  larger  cryf- 
tals  are  obtained,  fometimes  of  an  octahedral 
form,  as  Bergman n has  obferved.  The  muriate 
of  platina  is  fcarcely  caultic,  though  fharp;  it 
fufes  in  the  fire,  gives  out  its  acid,  and  leaves 
an  obfcure  grey  oxide. 

The  fulphuric  acid,  poured  on  this  folution, 
forms  a precipitate  of  a dark  colour ; the  pre- 
cipitate occafioned  by  the  muriatic  acid  is  yel- 
lowifn. 

The  alkalis  precipitate  platina  from  its  folu- 
tion;  but,  if  it  be  gradually  precipitated  by  pot- 
afh,  the  precipitate  is  diilolved  by  the  alkali  in 
proportion  as  it  is  formed. 

A folution  of  the  muriate  of  ammoniac,  pour- 
ed into  a folution  of  platina,  forms  an  orange- 
coloured  precipitate,  which  is  a true  faline  fub- 
ftance,  totally  foluble  in  water.  This  precipi- 
tate has  been  fufed  by  Mr.  De  Lifle  in  a com- 
mon  fire  (of  a furnace).  The  refult  of  the 
fufion  is'  platina,  fti.il  altered  by  fonie  portion 

of 
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of  faline  matter  ; for  it  does  not  acquire  dudti- 
lity  but  by  expofure  to  a much  ftronger  heat. 

The  property  which  the  muriate  of  ammoniac 
pofleireSjOf  precipitating  platina,  affords  a very 
Ample  method  of  afcertaining  the  mixture  of 
this  metal  with  gold  ; fo  that  the  fear  of  this 
alloy,  which  had  alarmed  the  Spanifh  miniftry 
fo  much  as  to  occafion  them  to  forbid  its  being 
wrought,  does  not  at  prefent  exift,  as  we  poffefs 
afimple  method  of  afcertaining  the  fraud  ; and 
it  is  much  to  bewifhed  that  this  very  precious 
metal  fhould  be  reAored  to  the  arts,  to  which 
it  cannot  but  be  very  ufeful,  by  its  brilliancy, 
its  hardnefs,  and  its  unchangeable  nature. 

The  procefs  of  Mr.  de  Lifle  to  fufe  platina, 
was  publifhed  in  1774.  Mr.  Achard  publifhcd 
a Ampler  method,  nearly  at  the  fame  time  : it 
conAfts  in  taking  two  gros  of  platina,  two  gros 
of  the  white  oxide  of  arfenic,  two  gros  of  the 
acidulous  tartrite  of  pot-afh,  and  putting  them 
into  a crucible  well  luted.  This  is  to  be  expofed 
for  an  hour  to  a violent  Are, -which  fufes  the  pla- 
tina; but  it  is  brittle,  and  whiter  than  ordinary 
platina.  It  is  then  to  be  expofed  to  a confi- 
derable  heat  under  a muffle;  by  which  means 
all  the  arfenic  which  was  combined  writh  the  pla- 
tina is  diflipated,  and  this  metal  left  in  a date 

of 


Methods  offujing  Plat  inn.  463 

of  purity.  Veffels  of  platina  may  be  formed, 
by  filling  clay  moulds  with  the  alloy  of  platina 
and  arfenic  ; and  expofing  the  mould  in  the 
muffle,  to  diffipate  the  femi-metal. 

Mr.  de  Morveau  fubffituted  the  arfeniate  of 
pot-afh  to  advantage,  inftead  of  arfenic;  and 
he  had  already  fufed  platina  with  his  vitreous 
flux,  made  of  pounded  glafs,  borax,  and  char- 
coal/ 

Mr.  Pelletier  fufed  platina,  by  mixing  it 
with  phofphoric  glafs  and  charcoal.  The  phof- 
phorus  then  unites  with  the  platina;  and  the 
phofphure  of  platina  is  expofed  to  a degree  of 
heat  fuffictent  to  volatilize  the  phofphorus. 

Mr.  Baume  advifes  to  fufe  platina  with  a 
flight  addition  of  lead,  bifmuth,  antimony,  or 
arfenic ; and  to  keep  the  alloy  in  the  fire  a long 
time,  to  diffipate  the  metals  which  have  faci- 
litated the  fufion. 

Platina  may  likewife  be  fufed  with  a metal 
foluble  in  an  acid:  the  mixture  being  pulve- 
rized, the  alloyed  metal  may  be  diiTolved ; and 
the  powder  of  platina  may  then  be  fufed  with 
the  flux  of  De  Morveau. 

Inftead  of  ufing  a foluble  metal,  a calcinable 
metal  may  be  employed,  and  treated  as  before. 

The  cubic  foot  of  crude  platina  weighs  1092 
bvres  1 ounce  7 gros  17  grains;  platina  pu- 
rified 


464  Habitudes  of  Platina . 

rified  and  fufed  weighs  1365  livres;  and  purL 
fied  platina  forged  weighs  1423,  8,  7,  64. 

Moft  of  the  neutral  falts  have  no  perceptible 
action  on  platina.  The  refults  of  feveral  cu- 
rious experiments  may  be  feen  in  the  Memoirs 
of  Margraaff. 

The  nitrate  of  pot-afh  alters  platina,  accord- 
ing to  the  experiments  of  Lewis  and  Margraaff. 
Dr.  Lewis,  by  heating  a mixture  of  one  part 
of  platina  and  two  parts  of  this  nitrate,  during 
three  times  twenty-four  hours,  obferved  that 
the  metal  affumed  a rufty  colour.  By  diffufing 
the  mixture  in  water,  the  alkali  was  dilfolved; 
and  the  platina,  deprived  of  all  the  foluble 
matter,  is  diminifhed  one-third.  The  powder 
taken  up  by  the  alkali  is  the  oxide  of  iron, 
mixed  with  the  oxide  of  platina. 

Thefe  experiments,  as  likewife  the  property 
which  platina  pofTeffes  of  being  acted  on  by 
the  magnet,  prove  that  it  contains  iron  ; and 
Mr.  de  Buffon  has  concluded  that  this  metal  is 
a natural  alloy  of  gold  and  iron.  But  it  has 
been  objected  that  the  artificial  alloy  of  thefe 
two  metals,  made  in  every  poffible  proportion, 
never  refembles  platina;  that  this  metal  departs 
more  from  the  properties  of  gold  in  proportion 
as  it  is  deprived  of  iron;  fo  that  it  is  conft- 
dered  as  a truly  peculiar  metal. 


This 
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This  metal  is  capable  of  being  alloyed  with 
moft  of  the  known  metals. 

Scheffer  firff  affirmed  that  arfenic  rendered  it 
fufible. 

MelTrs.  Achard  and  De  Morveau  have  avail- 
ed themfelves  of  this  property  to  fufe  it,  and 
compofe  veffels. 

Platina  eaffiy  unites  with  bifmuth.  The  re- 
fult  is  eager,  brittle,  difficultly  cupelled;  and 
the  refult  is  a mafs  which  has  little  dudtility. 

Antimony  likewife  facilitates  the  fufion  of 
platina.  The  alloy  is  brittle  ; part  of  the  an- 
timony may  be  difengaged  by  fire  ; but  a fuffi- 
cient  quantity  remains  in  combination  to  de- 
prive the  platina  of  its  weight  and  ducffility. 

Zinc  renders  this  metal  more  fufible.  The 
alloy  is  very  hard  ; great  part  of  the  zinc  may 
be  volatilized  by  fire ; but  the  platina  always 
retains  a fmall  quantity. 

This  metal  u'nites  eafily  with  tin.  This  alloy 
is  very  fufible,  and  flows  clear;  it  is  eager,  and 
very  brittle : but  when  the  tin  is  in  a large  pro- 
portion, the  alloy  is  du&ile;  its  grain  is  coarfe, 
and  it  becomes  yellow  by  expofure  to  the  air. 

Lead  unites  very  well  with  platina.  A 
ftrbnger  heat  is  required  to  fufe  this  than  the 
foregoing  alloy.  It  is  not  du&ile  ; is  no  longer 
capable  of  being  abforbed  by  the  cupel,  the 
Vol.  II.  Hh  abforp- 
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abforption  only  taking  place  when  the  lead  is  in 
excels  ; but  the  platina  remains  always  united 
to  a confiderable portion  of  the  metal.  Never- 
thelefs  MefTrs.  Macquer  and  Baume  cupelled 
one  ounce  of  platina  and  twenty  ounces  of  lead, 
by  expofing  this  alloy  for  fifty  hours,  in  the 
hotted  part  of  the  porcelain  furnace  at  Seves. 
Mr.  De  Morveau  had  the  fame  refult  in  Mr. 
Macquer’s  wind-furnace  ; the  operation  laded 
between  eleven  and  twelve  hours.  Mr.  Baume 
obferved  that  the  platina  obtained  by  this  pro- 
cefs  poflefles  the  power  of  being  forged  and 
foldered  completely,  without  the  aflidance  of 
any  other  metal,  which  renders  it  a mod  va- 
luable acquidtion  in  the  arts. 

Dr.  Lewis  could  not  unite  forged  iron  with 
platina ; but  having  melted  crude  iron  with 
this  metal,  there  refulted  an  alloy  fo  hard  that 
the  file  could  not  touch  it : it  was  du&ile  in  the 
cold,  but  broke  diort  when  hot. 

Copper  and  platina  alloyed  together  form  a 
very  hard  metal,  which  is  du&ile,  while  thecop- 
per  predominates  in  the  proportion  of  three  or 
four  to  one:  it  takes  a finepolifh,  and  was  not 
tarnifhed  during  the  fpace  of  ten  years. 

Platina  alloyed  with  diver,  deprives  it  of  its 
duftility,  increafcs  its  hardnefs,  and  tarnifhes 
its  colour.  Thefe  two  metals  may  be  feparated 
1 by 
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by  full  an  and  rcpofe.  Lewis  obferved  that  the 
filver  which  is  fufed  with  platina,  is  thrown  up 
againll  the  fides  of  the  crucible  with  a kind  of 
explofion  : this  phenomenon  appears  to  be  ow- 
ing to  the  filver,  as  Mr.  Darcet  found  it  break 
porcelain  balls  in  which  it  was  inclofed,  and 
out  of  which  it  was  projected  by  theadlion  of 
the  fire. 

Gold  is  not  capable  of  being  alloyed  with 
platina  but  by  the  molt  violent  heat  ; the  co- 
lour of  the  gold  is  prodigioufly  altered,  and  the 
alloy  pofTefTes  confiderable  du&ility. 

We  know  enough  of  the  properties  of  this 
metal  to  prefume  that  it  will  prove  of  the  great- 
eft  ufe  in  the  arts.  Its  almoft  abfolute  infalli- 
bility, and  its  unchangeablenefs,  render  it  of 
extreme  value  to  form  chemical  veffels,  fuch  as 
crucibles,  and  the  like.  The  property  of  fol- 
dering  or  welding  without  mixture,  renders  it 
preferable  to  gold  or  filver. 

Its  denfity  and  opacity  render  it  likewife  of 
great  value  for  the  conftrudtion  of  optical  in- 
flruments  ; and  the  abbe  Rochon  has  con- 
ftru6led  a mirror  whofe  effecft  greatly  furpaffes 
that  of  the  mirrors  before  made  of  Reel  and 
other  metals.  This  metal  unites  two  qualities 
never  before  found  in  one  and  the  fame  fub- 
H h % fiance. 
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ftance.  Like  other  metallic  mirrors,  it  reflects 
but  one  fingie image:  at  the  fame  time  that  it 
is  as  unchangeable  as  the  mirrors  of  glafs. 


CHAP.  XVI. 

Concerning  Tungjlen  and  Wolfram . 

T7I7E  are  acquainted  with  two  minerals 
* * which  may  be  diftinguifhed  by  the  ge- 
neral title  of  Tungften:  the  one  white,  and 
known  by  the  name  of  Tungften,  or  the  Heavy 
Stone  of  the  Swedes;  the  other  known  by  the 
name  of  Wolfram  by  mineralogifts.  We  fhall 
examine  each  feparately. 

ARTICLE  I. 

Concerning  Tungften. 

Tungften  is  a fubftance  of  an  opake  white  co- 
lour, very  heavy,  and  of  a moderate  degree  of 

hardnefs  : 
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hardnefs : its  cryflalsare  odfahedrons.  Its  fpe- 
cific  gravity  is  6,0665,  according  to  Briflon  ; 
from  4,99  to  5,8,  according  to  Kirwan.  The 
cubic  foot  weighs  424  livres  10  ounces  3 gros 
60  grains. 

When  expofed  without  addition  to  the  flame 
of  the  blow-pipe,  it  decrepitates  without  melt- 
ing. With  foda  it  is  divided  with  a flight  effer- 
vefcence;  is  partly  foluble  in  the  native  phof- 
phate,  or  microcofmic  fait;  and  affords  a fine 
blue  colour,  without  the  leaft  appearance  of  red 
in  the  refracted  light,  as  happens  with  cobalt.- 
It  is  foluble  in  borax  without  effervefcence. 

Bergmann  affirms  that  by  pouring  the  mu- 
riatic acid  upon  pulverized  tungflen,  the  pow- 
der immediately  aflumes  a fine  bright  yellow 
colour.  To  this  character  Scheele  adds  that 
of  becoming  blueifh  when  boiled  in  the  ful- 
phuric  acid. 

This  fubftance  has  a fparry  appearance,  and 
was  long  confounded  with  the  white  tin  ore.  It 
is  found  at  Bitfberg,  at  Riddharhittan,  at  Ma- 
rienberg,  at  Altemberg  in  Saxony,  and  at  Sau- 
berg  near  Ehrenfriederfdorff. 

Mr.  Rafpe,  in  Crell’s  Annals  for  June  1785, 
gave  an  account  of  two  mines  of  tungflen  in  the 
province  of  Cornwall,  from  which  thoufands  of 
tons  might  be  extrafled.  This  philofopher  ob- 
tained 
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tained  the  metal  in  the  proportion  of  about 
thirty-fix  livres  the  quintal.  He  adds  that  this 
metal  contains  little  iron;  that  it  is  very  fixed, 
and  refradory  in  the  fire ; and  that  it  ads  on 
glafs  like  the  hardefi  fteel. 

Cronftedt  arranges  the  tungfien  among  iron 
ores ; and  defines  it  to  be  ferrum  calcif&rme  terra 
quddatn  incognita  intime  mixtum . 

Scheele  has  affirmed  that  it  is  a fait  refulting 
from  the  combination  of  calcareous  earth  with 
a peculiar  acid;  which  acid,  combined  with 
lime-water,  regenerates  tungfien. 

Bergmann  confidcrs  the  acid  earth  of  tung- 
fien as  a metallic  acid. 

Several  procefies  are  at  prefent  known  for 
extrading  the  acid  of  tungfien. 

i.  Any  defired  quantity  of  this  mineral  is  to 
be  pulverized,  and  fufed  with  four  times  its 
weight  of  carbonate  ofpot-afh,  and  poured  out 
upon  a plate  of  metal.  The  mafs  is  then  to  be 
difiolved  in  twelve  parts  of  boiling  water.  A 
white  powder  feparates  during  the  folution,  and 
falls  to  the  bottom  of  the  vefiel.  This  precipi- 
tate is  a true  carbonate  of  lime,  mixed  with  a 
fmall  quantity  of  quartz,  and  a portion  of  unde- 
compofed  tungfien.  The  carbonate  of  lime 
may  be  taken  up  from  the  precipitate  by  nitric 
acid ; and  the  remaining  tungfien  being  mixed 

with 
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with  the  former  proportion  of  carbonate  of  pot- 
afh,  is  to  be  fufed,  diflolved,  and  by  a repetition 
of  thefe  operations  will  at  length  be  totally  de- 
compofed.  The  water  in  which  the  fufed  malles 
were  wafhed,  holds  in  folution  a fait  formed  by 
the  tungftic  acid  and  the  alkali  made  ufe  of. 
If  this  folution  be  faturated  with  nitric  acid,  it 
feizes  the  alkali;  the  folution  becomes  thick; 
and  a white  powder  falls  down,  which  is  the 
tungftic  acid. 

2.  Scheele,  the  author  of  this  firft  procefs, 
propofes  a fecond,  which  confifts  in  digefting 
three  parts  of  weak  nitric  acid  upon  one  of 
pulverized  tungften.  This  powder  becomes 
yellow ; the  fluid  is  then  decanted,  and  two 
parts  of  ammoniac  are  poured  upon  the  yellow 
powder.  The  powder  then  becomes  white ; 
and  in  this  way  the  repeated  adtions  of  the 
acid  and  the  alkali  are  applied  until  the  tung- 
ften is  diftolved.  Out  of  four  fcruples,  treated 
by  Scheele  in  this  manner,  there  were  three 
grains  of  infoluble  matter,  which  was  a true 
quartz.  By  adding  the  prulTiate  of  pot-afh  to 
the  nitric  acid  made  ufe  of,  he  obtained  two 
grains  of  Pruftian  blue;  pot-afh  precipitated 
three  of  chalk  ; and  the  ammoniac  uniting  to 
the  nitric  acid,  precipitated  an  acid  powder, 
which  is  the  true  tungftic  acid. 


In 
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In  this  experiment  the  nitric  acid  feizes  the 
lime,  and  uncovers  the  tungftic  acid  which  is 
feized  by  the  alkali. 

The  muriatic  acid  may  be  fubftituted  to  ad- 
vantage inftead  of  the  nitric  acid,  and  even 
gives  it  a yellower  colour. 

Scheele  and  Bergmann  conftdered  this  acid 
powder  as  the  true  tungftic  acid  in  a date  of 
purity.  MelTrs.  Delhuyars  have  aflerted  that 
this  acid  was  mixed  with  the  acid  made  ufe  of 
in  obtaining  it,  and  alfo  with  the  alkali ; they 
affert  that  the  yellow  powder  which  is  uncover- 
ed by  the  digeftion  of  the  nitric  acid,  is  the 
true  acid  oxide  of  tungften  without  mixture. 

The  white  powder  which  is  obtained  by  de- 
compofing  the  alkaline  folution  of  tungften  by 
an  acid,  is  acid  to  the  tafte,  reddens  the  tinc- 
ture of  turnfole,  precipitates  the  fulphure  of 
alkali  of  a green  colour,  and  is  fcluble  in 
twenty  parts  of  boiling  water. 

Properties  of  the  white  paw-  Properties  of  the  yellow  mat- 
der  obtained  by  decompofng  ter  obtained  by  fire  or  by 
the  Joint  ion  of  the  ore  of  acids . 

lung  Jen  by  an  acid. 

1.  An  acid  tafte,  redden^  i.  Infipid,  reddening  the 
ing  the  tin&ure  of  turn-  tin&ure  of  turnfole. 

foie. 

2.  Expofed  to  flame  urged  2.  Treated  with  the  blow- 
by  the  blow  pipe,  it  pafles  to  pipe  it  preferves  its  yellow 

a brown  colour 
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a brown  and  black  colour,  colour  in  the  external  flame  ; 
without  affording  either  but  fvvells  up,  and  becomes 
fumes  or  figns  of  fufion.  black,  without  filling,  in  the 

interior  blue  flame. 

3.  It  is  foluble  in  twenty  3.  It  is  infoluble,  but  capa- 

parts  of  boiling  water.  ble  of  becoming  fo  divided  as 

topafs  through  the  filters. 

4.  It  becomes  yellow  by  4.  The  three  mineral  acids 
boiling  in  the  nitric  and  mu-  have  no  a&ion  upon  it. 
riatic  acids,  and  blueifli  in 

the  fulphuric  acid. 

From  this  comparifon  it  appears  that  the 
acid  is  purer  in  the  yellow  powder  than  in  the 
white,*. and  the  faline  combinations  of  thefe 
two  fubftances  have  confirmed  MefTrs.  Del- 
huyars  in  their  opinion. 

The  yellow  acid,  combined  with  pot-afh, 
either  in  the  dry  or  humid  way,  forms  a fait  with 
excefs  of  alkali.  If  a few  drops  of  nitric  acid 
be  poured  on  this  fait,  a white  precipitate  is  in- 
ftantly  formed,  which  is  rediffolved  by  agitation. 
When  all  the  alkali  is  faturated,  the  folution  is 
bitter;  if  more  acid  be  poured  in,  the  preci- 
pitate which  falls  down  is  no  longer  foluble. 
This  precipitate,  when  well  edulcorated,  is  ex- 
aiftly  of  the  fame  nature  as  the  white  powder 
we  have  fpoken  of.  The  experiments  ofMeftrs. 
Delhuyars,  and  of  Mr.  De  Morveau,  prove 
very  clearly  that  this  white  powder  contains 

the 
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the  acid  of  tungfien,  a portion  of  the  pot-afh 
with  which  it  was  before  combined,  and  a fmall 
quantity  of  the  precipitating  acid. 

It  is  therefore  well  proved  that  the  yellow' 
matter  is  the  pure  oxide,  and  the  true  tungflic 
acid.  It  is  like  wife  very  certain  that  this  acid 
exifls  ready  formed  in  the  metal ; and  that  its 
oxigene  is  afforded  neither  by  the  decompofi- 
tion  of  another  acid,  nor  the  fixation  of  the 
oxigenous  gas  of  the  atmofphere  ; it  appears  to 
exifl  in  the  mineral,  and  to  conflitute  a kind 
of  fait  of  many  principles. 

The  pure  tungflic  acid  diffolves  ammoniac; 
but  the  refult  is  always  with  excefs  of  alkali. 
This  folution  affords  by  evaporation  fmall 
cryflals,  of  a penetrating  bitter  tafle,  foluble  in 
water,  and  then  reddening  blue  paper.  The  al- 
kali is  eafily  feparated ; and  thefe  cryflals  re- 
turn by  calcination  to  the  flate  of  yellow  pow- 
der, entirely  fimilar  to  that  which  entered  into 
its  compofition.  If  the  calcination  be  made 
in  clofe  veffels,  the  refidue  is  of  a deep  blue 
colour;  for  the  yellow  colour  does  not  appear 
unlefs  the  calcination  be  made  in  the  open 
air. 

The  experiments  of  Mr.  de  Morveau  per- 
mitted him  to  clafs  the  affinities  of  this  acid  in 
the  foliowing  order,  wffiich  is  the  fame  as  that 

of 
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of  the  arfenical  acid,  lime,  barytes,  magnefla, 
pot-aih,  foda,  ammoniac,  alumine,  metallic 
fubftances. 


ARTICLE  IL 

Concerning  Wolfram, 

Wolfram  is  of  a blackifh  brown  colour, 
fometimes  affedting  the  form  of  an  hexahedral 
compreffed  prifm,  terminated  in  a dihedral 
fummit.  Thefe  furfaces  are  frequently  ftria- 
ted  longitudinally,  Its  fracture  is  lamellated, 
foliated,  and  the  leaves  are  flat,  though  rather 
confufed.  Externally  it  refembles  fchorl ; but 
is  not  fuflble,  and  is  incomparably  heavier. 

Some  mineralogifls  have  taken  it  for  an  arfe- 
nical ore  of  tin ; others  for  manganefe,  mixed 
with  tin  and  iron.  MeiTrs.  Delhuyars,  who 
made  a ftridl  analyfis  of  it,  found  it  to  contain 
manganefe  22,  oxide  ij|-,  quartzofe  powder  2, 
yellow  powder  or  tungftic  acid  65. 

The  wolfram  which  was  analyfed  by  thefe 
chemifts,  came  from  the  tin  mines  of  Zinn- 
walde,  on  the  frontiers  of  Saxony  and  Bohe- 
mia. Its  fpecific  gravity  was  6,835. 

Wolfram  does  not  melt  by  the  blow-pipe 

without 
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without  addition,  its  angles  being  fcafcely 
rounded.  With  the  native  phofphate,  or  mi- 
crocofmic  fait,  it  melts  with  effervefcence,  and 
affcrds.a  glafs  of  an  hyacinth  colour. 

It  effervefces  with  borax,  and  forms  a green- 
ifh  yellow  glafs  in  the  blue  flame.  This  glafs 
becomes  red  in  the  external  flame. 

Pulverized  wolfram  upon  which  the  muria, 
tic  acid  is  boiled,  alfumes  a yellow  colour  like 
tungften. 

Meflrs.  Delhuyars  fufed  in  a crucible  two 
gros  of  pulverized  wolfram,  and  four  gros  of 
pot-afh.  The  fufed  mixture  being  poured  out 
on  a plate  of  copper,  a black  matter  remained 
in  the  crucible;  which,  when  well  edulcorated, 
weighed  thirty-feven  grains,  and  was  found  to 
be  a mixture  of  iron  and  manganefe. 

The  mafs  which  had  been  poured  out  was 
diflolved  in  water,  filtered,  and  faturated  with 
nitric  acid.  It  afforded  a white  precipitate, 
abfolutely  fimilar  to  that  obtained  from  tung- 
ften by  a fimilar  procefs. 

The  procefs  of  Scheele,  by  the  humid  way, 
fucceeds  equally  well,  and  even  appeared  to 
Meflrs.  Delhuyars  to  be  more  advantageous. 
They  prefer  the  difengagement  by  mere  heat, 
of  the  ammoniac  w hich  holds  the  tungflic  acid 
in  folution.  One  hundred  grains  of  wolfram, 

treated 
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treated  with  the  muriatic  acid  and  ammoniac, 
afforded  them  fixty-five  grains  of  yellow  pow- 
der, which  is  the  pure  acid. 

This  yellow  acid  powder  unites  with  mod  of 
the  metals.  Meffrs.  Delhuyars  relate  the  fol- 
lowing facts  : 

1.  One  hundred  grains  of  gold  leaf,  and  fifty 
grains  of  the  yellow  matter,  urged  by  a violent 
heat  for  three  quarters  of  an  hour,  in  a crucible 
lined  with  charcoal,  afforded  a yellow  button, 
which  crumbled  in  pieces  between  the  fingers, 
and  internally  exhibited  grains  of  gold,  with 
others  of  a grey  colour.  This  button  weighed 
one  hundred  and  thirty-nine  grains  ; and  was 
cupelled  with  lead,  though  with  difficulty. 

2.  Similar  proportions  of  platina  and  the 
yellow  matter,  treated  in  the  fame  way  (for  an 
hour  and  a quarter^,  afforded  a friable  button, 
in  which  grains  of  platina  were  diftinguifhable, 
of  a whiter  colour  than  ordinary.  It  weighed 
one  hundred  and  forty  grains. 

3.  With  filver,  the  yellow  matter  formed  a 
burton  of  a white  greyifh  colour,  rather  fpongy, 
which  extended  itfelf  eafily  by  a few  flrokesof 
the  hammer;  but,  on  continuing  them,  itfplit 
in  pieces.  This  button  weighed  one  hundred  and 
forty-two  grains,  and  the  mixture  was  perfedh 

4.  With  copper,  it  afforded  a button  of  a 

coppery 
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coppery  red  colour,  inclining  to  grey,  which 
was  fpongy,  and  conliderably  dudile.  It 
weighed  one  hundred  and  thirty-three  grains. 

5.  With  crude  or  call  iron,  of  a white  qua- 
lity, it  afforded  a perfed  button  whofe  fradure 
was  compad,  and  of  a greyifh  white  colour.  It 
was  hard,  brittle,  and  weighed  one  hundred  and 
thirty-feven  grains. 

6.  With  lead,  it  afforded  a button  of  an  ob- 
feure  grey  colour,  with  very  little  brilliancy, 
fpongy,  very  dudile,  and  fplitting  into  leaves 
when  hammered.  It  weighed  one  hundred 
and  twenty -feven  grains. 

7 . The  button  formed  with  tin  was  of  a 
lighter  grey  than  the  preceding,  very  fpongy, 
fomewhat  dudile,  and  weighed  one  hundred 
and  thirty-eight  grains. 

8.  The  button  of  antimony  was  of  a bright 
grey,  rather  fpongy,  brittle,  and  eafily  broken ; 
it  weighed  one  hundred  and  eight  grains. 

9.  That  of  bifmuth  prefented  a fradure 
which,  when  feen  in  one  diredion,  was  of  a 
grey  colour,  and  metallic  luftre  ; but  in  another 
diredion  it  appeared  like  an  earth  without  any 
luftre:  but  in  both  cafes  an  infinity  of  pores 
were  feen  over  the  whole  rnafs.  It  weighed 
fixty-eight  grains. 

10.  The  button  formed  with  zinc  was  of  a 

black 
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black  greyifh  colour,  and  an  earthy  afpedf, 
very  fpongy,  and  brittle : it  weighed  forty-two 
grains. 

11.  With  common  manganefe  it  afforded  a 
button  of  a biueifh  grey  colour,  and  earthy  af- 
pedt.  Its  internal  part,  examined  with  a lens, 
refembled  an  impure  fcoria  of  iron ; it  weighed 
one  hundred  and  feven  grains.* 

Thefe  experiments  confirm  the  fufpicion  of 
the  celebrated  Bergmann ; who,  from  the  fpe- 
cific  gravity  of  this  fubftance,  and  its  property 
of  colouring  the  native  phofphate  and  borate 
of  foda,  concluded  that  it  was  of  a metallic 
nature. 

The  change  of  colour  which  accompanies  its 
reduction,  its  increafe  of  weight  by  calcination, 
its  metallic  afpedl,  and  its  uniting  with  other 
metals,  are  inconteftable  proofs  of  its  metallic 
nature.  The  yellow  matter  muff  therefore  be 
confidered  as  a metallic  oxide;  and  the  button 
obtained  by  expofing  this  oxide  to  a flrong  fire, 
with  powder  of  charcoal,  is  a true  metal. 

. 1 - i ' * * 

* In  Cullen's  Tranflation  of  the  Chemical  Analyfis  of 
Wolfram,  printed  in  London  in  1785,  I find  the  word 
hrovun  in  every  place  where  M.  Chaptal  has  ufed  the  word 
grife,  or  gry.  Not  having  the  original,  I cannot  fpeak  with 
certainty;  but  from  circumftances  conclude  this  laft  to  be 
right.  T. 


Meffrs. 
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MdTrs.  Delhuyars  having  put  one  hundred 
grains  of  the  yellow  matter  into  a lined  crucible 
well  clofed,  and  expofed  it  to  a ftrong  heat  for 
an  hour  and  a half,  found  upon  breaking  the 
crucible,  when  cold,  a button  which  was  re- 
duced to  powder  between  the  fingers:  its  co- 
lour was  grey.  On  examining  it  with  the  mag- 
nifier, an  afTemblage  of  metallic  globules  were 
feen,  among  which  fome  were  of  the  bignefs  of 
a pin’s  head,  and  when  broken  exhibited  a me- 
tallic fradture  refembling  fteel.  It  weighed  fixty 
grains,  and  of  courfe  there  was  a diminution  of 
forty.  Its  fpecific  gravity  wras  17,6.  Having 
calcined  a part  of  it,  it  became  yellow  with/oV 
increafe  of  weight.  The  nitric  and  the  nitro- 
muriatic  acid  changed  it  into  a yellow  powder. 
The  fulphuric  and  muriatic  acids  diminilhed  its 
weight,  and  their  folution  let  fall  Pruflian  blue. 
The  metallic  grains  always  remained  after  the 
adtion  of  thefe  acids.  This  metal  fhews  various 
properties,  which  diftinguifli  it  from  all  others 
known,  x.  Its  fpecific  gravity  is  17,6.  2.  It 
forms  peculiar  glafs  with  the  feveral  fluxes. 
3.  It  is  almofl:  abfolutely  infufible,  much  lefs 
fufible  than  mangancfe.  4.  Its  oxide  is  of  a 
yellow  colour.  5.  It  forms  peculiar  alloys  with 
the  known  metals.  6.  It  is  infoluble  in  the 
fulphuric,  muriatic,  nitric,  and  nitro-muriatic 

acids; 
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acids ; and  thefe  two  laft  convert  it  into  an 
oxide.  7.  The  oxide  combines  with  alkalis. 
8.  The  oxide  is  infoluble  in  the  fulphuric, 
nitric,  and  muriatic  acids,  and  afFumes  a blue 
colour  with  this  laft. 

Wolfram  ought  to  be  confidered  as  an  ore, 
in  which  this  metal  is  combined  with  iron  and 
manganefe,  as  Mefiirs.  Delhuyar  have  proved. 


CHAP.  XVII. 

Concerning  Molybdena . 

TWO  fubftances  have  long  been  confound- 
ed together  under  the  name  of  Black 
Lead  Ore,  Mineral  Lead,  Plumbago,  and 
Molybdena,  which  the  more  accurate  analyfts 
of  the  celebrated  Scheele  has  proved  to  be  of 
very  different  nature. 

Molybdena  cannot  be  confounded  with  the 
mineral  of  which  black  lead  pencils  are  made, 
which  is  called  Plumbago.  The  chara&eriftic 
differences  are  fufficiently  evident  to  leave  no 
doubt  on  this  fubjeft. 

Molybdena  is  compofed  of  fcaly  particles, 
either  large  or  final!,  and  {lightly  adherent  to 
each  other.  It  is  foft  and  fat  to  the  touch, 
foils  the  fingers,  and  makes  a trace  of  an  afh- 
grey  colour.  Its  afpedt  is  blueifh,  nearly  re- 
Vol.  II.  I i fembiing 
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fembling  that  of  lead.  The  mark  it  makes  on 
paper  has  an  argentine  brilliancy;  whereas 
thofe  of  plumbago  are  of  a darker  and  lefs 
lhining  colour  : its  powder  is  blueifh  ; by  calci- 
nation it  emits  a fmeli  of  fulp’hur,  and  leaves  a 
whitifh  earth.  The  nitric  and  the  arfenical  acids 
are  the  only  acids  which  attack  it  effe&ually; 
it  is  foluble  in  foda  with  effervefcence  before 
the  blow-pipe  ; it  caufes  the  nitrate  of  pot-afh 
to  detonate,  and  leaves  a reddifkTrefidue : when 
expofed  to  the  flame  of  the  blow-pipe  in  the 
fpoon,  it  emits  a white  fume. 

Plumbago  is  lefs  fat,  lefs  granulated,  and 
cornpofed  of  fmali  brilliant  particles.  It  lofes 
in  the  fire  TVu  of  its  weight,  and  the  refidue  is 
an  oxide  of  iron. 

Molybdena  has  been  found  in  Iceland,  in 
Sweden,  in  Saxony,  in  Spain,  in  France,  &c. 
that  of  Iceland  is  found  in  plates*  in  a red  feld 
fpar  mixed  with  quartz. 

Mr.  HafTenfratz  gave  Mr.  Pelletier  famples 
of  molybdena  fimilar  to  thofe  of  Iceland,  which 
he  had  colledled  in  the  mine  named  Grande 
Montagne  de  Chateau  Lambert,  near  Tillot., 
where  a copper  mine  was  formerly  wrought. 

William  Bowles ‘appears  to  have  found  mo- 
lybdena near  the  village  of  Real  de  Mona- 
fferio:  it  is  in  banks  of  grit-flone,  fometimes 

c.  - * • 

mixed  with  granite. 
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The  molybdena  of  Nordberg  in  Sweden  is 
accompanied  with  iron  that  obeys  the  magnet. 

The  molybdena  of  Altemberg  in  Saxony 
nearly  refembles  that  of  Nordberg. 

Mr.  Pelletier  analyzed  all  thefe  fpecies;  and 
his  work  may  be  confulted  in  the  Journal  de 
Phyflque  for  1785;  but  the  experiments  we  fhall 
here  relate  were  made  with  that  of  Altemberg. 

Molybdena,  expofed  to  heat  on  a reft,  be- 
comes  covered,  after  the  fpace  of  an  hour,  with 
a white  oxide;  which,  when  collected  by  a pro- 
cefs  flmilar  to  that  ufed  with  the  fublimed 
oxide  of  antimony,  has  all  the  appearances  of 
this  laft  fubftance.  The  whole  of  the  molyb- 
dena may  by  this  means  be  converted  into 
oxide.  We  are  indebted  to  Mr.  Pelletier  for  this 
hue  experiment,  which  had  efcaped  Scheele. 

Molybdena  is  indeftruCtible  in  clofe  veflels, 
and  prodigioufly  refradlory,  according  to  the 
experiment  of  Mr.  Pelletier,  made  with  balls 
of  porcelain  expofed  to  the  moft  intenfe  heat. 

Molybdena  treated  with  the  black  flux  wTas 
not  reduced,  nor  even  deprived  of  its  fulphur. 

Molybdena  fufed  with  iron  affords  a button, 
which  refembles  cobalt:  it  unites  likewife  per- 
fectly with  copper;  but  when  mixed  with  lead 
and  tin,  it  renders  them  fo  refractory  that  the- 
refults  are  pulverulent  and  infufible  alloys. 

The 
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The  oxide  of  molybdena  obtained  by  calci- 
nation, or  by  the  a&ion  on  the  nitric  acid,  is 
not  reducible  when  treated  with  black  flux,  al- 
kali, charcoal,  or  the  other  faline  duxes;  ne- 
verthelefs  if  the  oxide  of  lead  or  copper  be  ad- 
ded, the  metals  which  refujt  are  alloyed  with  a 
T molybdena,  which  may  be  feparated. 
.vide  of  molybdena  made  into  a palle 
v r oil,  dried  by  the  fire,  put  into  a lined 
crucible,  and  urged  by  a violent  heat  for  two 
hours,  afforded  Mr.  Pelletier  a fubfcance 
ilightly  agglutinated,  which  could  be  broken 
with  the  fingers.  It  was  biack,  but  per- 
ceptibly of  a metallic  afpedl.  When  viewed 
with  the  magnifier,  fmall  round  grains  of  a 
greyifh  metallic  colour  were  feen,  which  are 
the  metal  of  molybdena.  It  is  prodigiotidy  re- 
fractory; for  the  fire  which  Mr.  Pelletier  gave 
was  firongerthan  that  which  Mr.  Darcetnfed 
in  the  fame  forge  to  fufe  platina  and  manganefe. 

i.  Molybdena  is  calcinable,  and  palfes  to  the 
Hate  of  a very  white  oxide.  2.  It  detonates 
with  nitre,  and  the  refidue  is  an  oxide  of  man- 
ganefe mixed  with  alkali.  3.  The  nitric  acid 
converts  it  into  a white  acid  oxide.  4.  The  al- 
kalis difengage  hydrogenous  gas  from  it  in  the 
dry  way,  and  the  refidue  is  the  oxiefe  of  manga- 
nefe and  alkali.  5.  It  alloys  with  the  metals  in 

different 
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different  manners.  Its  alloys  with  iron,  cop- 
per, and  filver,  are  very  friable.  6.  When 
treated  with  fulphur  it  regenerates  the  mineral 
molybdena. 

According  to  Mr.  Ki  'wan,  the  mineral  of 
molybdena  contains  fifty- live  pounds  fulphur, 
and  forty-five  metal.  The  iron  is  accidental. 

To  reduce  the  mineral  molybdena  to  pow- 
der, Scheele  diredts  that  it  be  triturated  in  a 
mortar  with  a fmall  quantity  of  fulphate  of 
pot-affi.  The  powder  is  afterwards  waffled  in 
hot  water,  to  carry  off  the  fait,  and  the  molyb- 
dena remains  pure. 

This  ore  is  a true  pyrites,  which, when  treated 
with  the  blow-pipe,  emits  a white  acid  fume. 
But  as  this  method  affords  only  a fmall  quantity 
of  oxide,  another  method  is  ufed  to  obtain  it. 
Thirty  parts  of  nitric  acid  are  diffilled  on  one  of 
powder  of  molybdena;  care  being  taken  to  ufe 
a large  retort,  and  to  pour  the  acid  on  at  feveral 
times,  having  previoufly  diluted  it  with  one- 
fourth  of  water.  The  receiver  being  luted  on, 
the  diffillation  is  performed  on  the  fand-bath. 
When  the  fluid  begins  to  boil,  a confiderable 
quantity  of  nitrous  gas  comes  over.  The  dis- 
tillation being  continued  to  drynefs,  there  re- 
mains a powder,  upon  which  an  additional  dofe 
of  nitric  acid  is  poured  ; and  this  management 
is  repeated  until  all  the  nitric  acid  has  been 

ufed. 
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ufed.  At  the  end  of  the  procefs  there  re- 
mains a refidue  as  white  as  chalk,  which  is  to 
be  wafhed  with  water  to  carry  off  a fmall  quan- 
tity of  fuiphuric  acid,  which  is  formed  by  the 
decompofition  of  the  nitric  acid  upon  the  ful- 
phur.  After  this  edulcoration  there  remain  fix 
gros  thirty-fix  grains  of  an  acid  powder,  when 
the  operation  has  been  made  with  thirty  ounces 
of  nitric  acid,  and  one  ounce  of  molybdena.  It 
is  the  molybdic  acid. 

Thearfenical  acid,  diftilled  from  the  mineral 
molybdena,  likewife  affords  the  molybdic  acid. 

It  is  evidently  feen  that  its  formation,  like 
that  of  the  arfenical  acid,  is  owing  only  to  the 
decompofition  of  the  acids  made  ufe  of,  and 
the  fixation  of  their  oxigene  on  the  metal  em- 
ployed. 

This  acid  is  white,  and  leaves  a perceptibly 
acid  and  metallic  tafle  on  the  tongue. 

Its  fpecific  gravity  compared  with  that  of 
pure  water  is  3,460  : 1,000,  according  to  Berg- 
man n. 

It  undergoes  no  alteration  in  the  air. 

It  does  not  rife  in  fublimation,  but  by  the 
affiftance  of  the  air. 

It  colours  the  native  phofphate  of  a beautiful 
green. 

If  it  be  diftilled  with  three  parts  of  fulphur, 
the  mineral  molybdena  is  regenerated.  This 

acid 
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acid  is  foluble  in  five  hundred  and  feventy  times 
its  weight  of  water  at  a mean  temperature. 
The  folution  is  very  acid  ; dccompofes  the  fo- 
lutions  of  foap;  precipitates  the  fulphures  of 
alkali.  It  becomes  blue  and  confident  by  cold. 

The  concentrated  fulphuric  acid  diffolves  a 
large  quantity  of  it.  The  folution  affumes  a 
fine  blue  colour,  and  becomes  thick  by  cool- 
ing. This  colour  difappears  by  heat,  and  re- 
turns again  as  the  fluid  cools. 

The  muriatic  acid  diffolves  a confiderable 
quantity  by  the  affiffance  of  ebullition.  If  the 
folution  be  diddled,  it  leaves  a relidue  of  an 
obfeure  blue  colour.  By  an  increafe  of  heat, 
white fubHmate  rifes  mixed  with  a little  blue; 
the  fuming  muriatic  acid  paffes  over  into  the 
receiver.  This  fublimate  attracts  humidity, 
and  is  nothing  but  the  molybdic  acid  vola- 
tilized by  the  muriatic. 

This  folution  of  the  molybdic  acid  precipi- 
tates filver,  mercury,  and  lead,  from  their  fo- 
lutions  in  the  nitric  acid.  It  like  wife  precipi- 
tates lead  from  its  folution  of  the  muriate  of 
lead,  but  not  the  other  metals. 

The  molybdic  acid  takes  barytes  from  the  ni- 
tric and  muriatic  acids. 

In  the  dry  way  it  decompofes  the  nitrate  of 
pot-afh,  and  the  muriate  of  foda  ; and  the  acids 
pafs  over  in  the  fuming  (later  ' 


It 
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It  difcngages  the  carbonic  acid  from  its 
combinations,  and  unites  with  the  alkalis. 

It  even  partly  decompofes  the  fulphate  of 
pot-afh,  by  the  affiflance  of  a ftrqng  heat. 

It  dilfolves  feveral  metals,  and  affumes  a bfue 
colour,  in  proportion  as  it  yields  its  oxigene 
to  them. 

The  combinations  of  this  acid  with  the  al- 
kalis are  little  known.  Scheele  however  has 
obferved,  that  fixed  alkali  renders  this  acid 
earth  more  foluble  in  water;  that  the  alkali 
prevented  the  acid  from  rifing;  that  the  mo- 
lybdate of  pot-afh  is  precipitated  by  cooling 
in  fmall  granulated  cryftals. 

The  oxigene  adheres  but  flightly  to  the  mo- 
lybdic  bafe;  for  this  acid  boiled  with  the  femi- 
metals  does  not  fail  to  afTume  a blue  colour. 

Hydrogenous  gas  palled  through  it  is  fuf- 
ficient  to  produce  the  blue  colour. 

Molybdena,  as  Mr.  Pelletier  has  obferved, 
has  a great  refemblance  in  its  chemical  refults 
to  antimony;  fince,  like  that  femi-metal,  it  is 
capable  of  affording  by  calcination  an  argen- 
tine oxide,  capable  of  vitrification. 

END  OF  THE  SECOND  VOLUME* 


R.  Noble,  Printer, 
Old  Bailey. 
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